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FOREWORD 



Over the last decades, %iericans have been learning to see what' ' 
we have never seen, before. I refer not to flying saucers but to , 
people — people who have been hidden from us b'y prejjjdice, by 
custom, and by ignorance. Ralph Ellison describted the phenomenon' ' 
. for blacks in his powerful novel. The Invisible Man. 

' Today, finally^ we see the^black population; we are 'only 
beginning to see othtfr groups -^^women, the American Indian, the 
elderly, the handicapped — » see them both as national resources and 
as. groups having claims on the national conscience/ 

This publication is one. of a series of six, the* titles of which 
are listed in the acknowledgements, that HUD' s Office of .Policy 
Development and Research has sponsored to accomplish the important 
task of making byHdings .accessit.le to and usable by the physically 
handicapped through improving the American National Standards Institute' 
All/ standard. 



, Prepared under the supervision of the' Off ice of Policy Develonment 
and Research, these volumes, have wonia research award from 
Pro g ressive Ar£hltecture.' To quote from the jury comments: "in terms 
of the effect that the work will have! on future architecture and plannin 
^he new AN6I staijdard A117.:? has got to be the blockbuster of, all.. It' 
a vyery solid piece of work.-" " • ' .'" 

ft \is indeed. I am proud to present it to you. • . . " 
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Donna E. Shalala 
Assistant Secretary • 

fox Policy Development 

arid Research 
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This report Us one of a series of reports prepared under this contract. 
The full series includes: 

* 

T. ACC86S to the Built Environment: A Review of Literature 
.2. ' Accessible Buildings for People with Walking and Reaching 
Limitations 

, ...3. . Accessible Buildings for People with Severe Visual' Im- 
pairments % , 
4. The .Estimated' Cost of Accessible Buildings - , 
"5. ^ A Cost-Benefit An.a1ysis of Accessibility 
6. Adaptable [fellings ~- . 

All of this research contributed to the development of the proposed re- 
visions to ANSI 'All 7.1, Making Buildings and Facilities Accessible t> 
and Usable by the Physically Handicapped" ~ 
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Introduction and Objectives * 

The research reported* here was initiated to fill some specific information'' 
I needs'. In the development of the proposed revisions to. a voluntary building 
^standard, ANSI A117.1, Makin'9 Buildings and- Facil ities Accessible to and 
livable by the Physically ^Handicapped,, a majoV goal was the use of technical 
criteria generated from reliable, empirical research. A review of existing 
human factors research on accessibility of buildings for disabled people 
Identified many serious deficiencies in existing information, (see Steinfeld, 
1978). . , . . ■ V v . 

For accessibility concerns related to' movement disabilities, limita- 
tions of stamina and difficulties maintaining balance, the major findings 
of the review Vere that there was: 

1. .Limited empirical* data about the use of kitchens, 

2. Limited e^pir)ical data about the use of doorways that ' 
can be a^iplied to American construction practices, . 

3. No empirical data on strength and stamirw. limitations , 

4. Conflicting delta t)n use of ramps, 
5., No empirical data about the use of bathrooms, 

6. Limited emfxirical -data about' negotiating movements in > 
small spaces iuch as elevators, . ' 

7. L1mite>i information on reaching under actual conditions 
of use, i.e, other than anthropometric data. 

In general, although a. great many recommendations exist for accessibility 
design in all, these areas, few are based on reliable empirical data. 
Mp*t either have an anecdotal sour.ce, or rely on a limited or ambiguous, 
data base. ' . 

It was determined that a series. of empirical research studies would pro- 
- vide a more reliable and valid data base for' the technical criteria of 
the standard. The objectives of- the researcii were to: 

1. Clear up confusion caused ty di»fferences in existing in- 
formation, ^ ' ' A ' 

2. Fill gaps wher^ little or no research has been done, 

3. Determine the differences in optimal conditions for people 
'wijth different disabilities and degrees. of disability. 

The third objective* is related to the pr'ocess of developing standards. 
Since voluntary standards such as those of the ANSI (American National 
Standards Institute) must be accep^ted in a consensus process, the optimum^ 
in accessibility may not be acceptable due to pqlitical, economic br . 
technological factors. We jgiinted, to have data available So that as 
positions were taken on the technical criteria of the standard, it would * 
be clear who was being included or excluded from access or use of 
buildings. . . 

In, additton to. the work reported here, research was also initialled that 
focused on the mobility problems of i^d and partially sighted 
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individuals. That research is reported in a separate document ^see 
Aiello and Steinfeld,. 1978}. ' « ' 

Labora;taty Testing Methods 

. ■ 7 , ^ ^ . . 

Tcistinq Stations and General Procedures - Disabled and able-bodied 
people performed simulated tasks of, daily living at 'mock-ups of actual 
public and residential environments' .The research included studies of: * 

- AnthrbpoiTietric measurements 

- Speed/ distance measurements • * 

- Wheelchair manfeuvering—"K" turn, "U" turns around walls, • 

"L" turns from corridors into passageways ■ ■ ■ \ 

- Push and pull forces ' * 

- Kitchep work centers— oven, sink, range, mix center, kit- 
chen layout (the bathroom lavatory was also included in 
this group due to its similarity with kitchen work centers) 

ff^- Ramp slope and length- . ' " ♦> .. - 

- Doorways - 

- Elevator , - . ^ . • 

- Toilet stall design 

- Bathroom design, including bathtub, sihjower and bathroom 
' .. layout ■ ' ' ... ■' .\\ 

- Pi^lic telephone height 

- Public mailbox use 

Simulated tasks and environnjents were used for gathering data in order 
to study many different p'arts of biji Idings: with a variety of different 
arrangements. ^ind configurations and to involve as large a sample of 
people as possible. The use of data gathered in the field would have 
been limited to the characteristics of existing settings ar^d therefore 
would not provide a sufficient range of observations to i den tiYy optimal 
conditions and the fulT range of accessibility problems. In addition, 
the CQst of building real environments for each of the testing stations 
and the time required to have each subject use them were prohibitive. 
The simulation method allowed the research to be as reality-based as ' 
possible within the constraints of in formation needs 'and budget. 

t * 

The testing stations were locate'd in an unused University building, which 
served as a laboratory for the project. The testirig; stations were selected 
and designed '.to generate the specific data necessary for meeting our 
information needs and objectives. The<des.ign and use of th'e stations are 
described in the re^rts for each station. 

■• • . , ■■ ■ V-\ ■ . ' ■ 

All testing procedures were standardized. Instructi,bns were written for' . 

fach testing station. All staff members were traineld in the procedures 
nd team leaders, who where prbfefssional staff, supervised all laboratory 
work. Subjects- were -encouraged to , try alternative methods of using 
testing stations when it was apparent^jthat they were\using an ineffecient 
method to accdmijlish a task',. All testing was complel^ed in casual clothing 
and wheelchair users used their own wheelchairs. 



Recording an d Analyzing Data - All testing stations were designed, as 
far as possible, -to allow automatic' measurement. For example, measuifing 
ru es or grids were applied directly to equipment so that observers} 
only h^dtG record the result rather than measure every dimension: This 
reduced error in measurement as well as reducing the time required to take 
measurementst . 



In the analysis of data for individual testing stations, graphic repre- 
seritations were often used to, identify patterns. Methods of analysis 
and presentation of results were b^ked upon the data needs of developing 
standards. Thus, cut-off points /sH determining how many, or which, * 
subjects could manage with a gi^en design feature were selected by 
standard increments commonly used in design, e.g. six inch increments.. ■ 

Recommendations - We have assumed, in making recommendations, that there 
will always be some people whose abilities will require specific and 3 
personal adaptation of the physical environment to allow them to use it 
independently. Thus, we have included a description of "marginal pop- 
ulations for each set of recommendations. It is our judgment that 
frecommended design criteria should not be based on the performance of 
these people because the nature of their disabilities is so- idiosyn- 
cratic that they may 0)1 may not be able to successfully use buildings 
and facilities given any~di"sTgn" criteria, short ofcustom design. Our 
recommendations enc^pass the people with a Vange of abilities who 
Clearly would be benefited by standardized design features. This means 
tnat such recommendations would be most convenient to the Broadest ' 
range of individuals and not handicap ofher people in the convenient 
use of the environment, , \ 

Subject Selection Methods and Recruitment ' » , , 

These studies were concerned with the use -of buildings by people with 
■novement disabi 1 iries, limitations of s tarn i pa and balance.' Ambulant, 
semi-ambulant and non-ambulant people participated. The major disa- 
bill ties that/^ilbjects' had were: « • 
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Incoordination and difficulty manipulating fingers and 
hook protheses users, 

2. Difficul ty 1 ifting and reaching, 

3. Inabi-lity to Use lower extrecpities (wheelchair users), 
4; Reliance on walking aids,' . - • 

5. biff iCuTty bending and kneel fnq^ * 

,6. Difficulty -sitting down or getfing up from a chair, 

7. Difficulty using stairs or inclines or difficulty 
walking* long distances, . , • 

8. Difficulty walking on rough surfaces, 
°- Difficulty' Tifting and reaching combined with diffi- 
culty manipul ating ffncfers or incoordination,' 
Difficulty lifting jand reaching combined witri inability 

' to use lower extr,emities/'y , - 

11. Reliance "on walking aids domt)ined'V1th difficulty • .^^ 
sitting do.wn or getting up. ' " - 
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A group of jdsle-bodied subjects also^p^rtidpated in the research, 

•Disability categories do not, in themselves, establish d description 
of ari^ individual's functional ability for independent action. For ex- 
.ample; one individual -who cannot use their fkgs (category 3, abov'ejLmay 
be young, trained in'a rehabilitation clinic, have strong upper aril 
a,nd good stamina'. Another individuaT wh.o cannot use their legs may be 
old, with little rehabilitation training, have general limitations in 
stamina'and be obese. These differences in . impairment .and other char- 
acteristics result in' different levels of functional ability for every- 
day activities, even though -both. may be wheelchair users. 

To insure that , the 'selection of subjects reflected differences in func- 
tional ability levels, each disability category was divided", further into' 
a range of functional levels. T)ie range-started with the njost independent 
level of ability in a category and ended'With the lowest level of ability . 
that- would allow independence in daily activities. A screening method, ' 
called the Diagnostic Interview, was developed" which utilized a self -report 
interview about tasks of daily living in orrf^r. to identify a person's 
disa])ilities and^lso their fu'nc.tional abil ity. leyels within each partic- 
ular disability category. Since all the interviewing was to be done by \ 
telephone and, by non-professionals, a clinical asses-sment or evaluation ^ 
of function at the first^cbntact with the subjects was impos^i.b1e. Thi^ 
gaye rise to the neecl for a pretest and also. a validation procedure at . 
the laboratory, . ^ 

Three versions of the Diagnostic Interview were initially administered - 
to a total of twenty people by telephone. Its accuracy was then checked 
by home tjJlits to thos* individuals by. a physical therapist. Mo'st 
jitems proved, to be valid indications of functional ability, but some 
correctierTs and improvements were made following the home visits. The 
Diagnostic Interview also contained several items of biographical data, 
including age and sex. 

Our overall -research ^-oal was to establish requirements f or accessibil ity - 
and use of the environment by people' who would be independent in daily 
activities. We were concerned that the sample of individuals would be 
representative of all those people, to the inclusion of marginally in- 
dependent people. With such a sample, we could 5e assured that the 
results of our laboratory research would apply to t^e broadest possible 
population. Therefore, our objectives in obtaining subjects were: 
.1 • . ^ ■ 

1; Find people with all the disabilifies on our list, - ' 

2. Find'people within eaah category that reflected a range • - 

of functional abilities., 
.3. Minimize bias in sample .-selection caused by an individual's . 

dependency on institutional . services',^ 
4. Obtain enough people in each ability level of each dis- • 

j • "ability category to make general iiable Conclusion^ from 
data,, i ? . . 

1 5. Minirpize bias in sample selection due to a high incidence 5, 

of advanced rehabilitation training not available to the^ - 
j broad range of disabled people. 



A review of demopraphic data on disaWlity indicated that ste^tistfcs '. ' 
a,re not available on functional ability of pebple within disability » 
categories- to the detail required, for our research. Thus, there' was 
no basis to utilize a proportionate sampling method.. Furthermore, 
since the proportion of peop*le in the general population with severe 
disabilities is well below twenty percent, any'-random sampl ing' method - 
used to identify subjects would "have been exceedingly expensive and • 
time consuming. The use of the Diagnostic Interview, combined with a 
validation procedure at the laboratory, provided a way to identify 'and 
verify disability and functional level, but we'had to set an arbitrary 
target. for the number of subjects *in each group.. Since we antic\ipated 
that wheelchair users-would be critical in terms of performance, W ' 
over sampled for them. We utilized me^berhip lists of elderly anAdis- 
'abled consumer organizations in the Syracuse Metropolitan area to \ 
generate ah initial/roster of potential subjects for telephone rmtir- 
views. In addition^ an intensive effprt to. recruit subjects was made 
through local radio, newspaper, nevysletters and bulletin boards. 

subject recruitmemt was done 'by >a local senior citizen 's advocy organ- 
ization, the Action Coalition to Create Opportunities for Retirement 
. Wi.th Dignity, . Inc. (ACCORD). Working on a sub -contractual agreement, 
they provided two telephone interviewers, whom we trained to use the 
Diagnostic Interview. Training included having th^ in-terviewers make 
.telephone calls to our ..staff who simulated disabilities and difficult ' 
..interviewing problems. When the interviewers were consistently-accur- 
ate in administration of the interviewj they wefe furnished with lists 
of prospective subjects. Quality control included re interviewing a ^ 
small, random sample of. people interviewed by ACCORD workers and checking 
all_ interview forms for completion and logical- consi stency. 

The ACCORD Office swerved as a. receiving point for telephone ca'ils in 
response to our adds and media announcements and the ACCORD workers, 
scheduled subjects at our laboratory. Recruitnent .was not limited to 
older people--a -concerted effort was made to recruit .subjects from all 
age groups. Becruitment v*is limited to non-institutionalized people. 
A few exceptions to this rule were made, but such, individuals were tested 
in a limited number of stations. The recruitment' efforts took place 
over a six njonth period, running simultaneously with our testing proced- " 
ures. , , • . 

♦ ^ .. 

Free transportation to and from th£ laboratory testing site' was provided 
and a wheelchair cab service was retained for people who- needed or 
desired such a service. Al] subjects were paid between $12.50 and $^0. 00, 
based on. the number of task^s each was requested to .perform. The decision 
to perform more difficigt tasks> such a3 toil^ transfers, etc., was 
Jnade by each ' individual . All staff members were trained in safety pre- 
-e^ution.s... The testing- period, for each individual, was broken into . 
several morning or afternoon sessions jf necessary, with coffee 6reaks 
and rest times as needed so that fa'tidgiie due to testing was not a fac-' 
tor in performance. 

Subjects were tested only at testing stations where us6 ^was affected by 
their disability. For^example, subjects who had difficulty handling" and- 
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fingering were te«.ted a't s.tations whos^ usV required'-f in^er dexterity 
■People who used Talking ^ Ids . or whee Ic ha i4;s ^pre, tested at aTl testing 
.|t^tions q:able l shows -the inatchinq of subjects to .t^st-fiogSTSuons'. \ ' 
•.The total number of diSabj^d" subjects'/was ZOY, ' ' - > • 

f.The. te^ting«4«as done in twQ.pbases. '/T^ie f irst" pha^e Objective wa/.to 
•establish basic ra/igesr of Derformance-Tor kch! testing' station/ -Tliis • 

• data was ti^ed to generate proposed -standards': T-he second pha-se objectives 

• were to valida-te" some part's of the proposed "standards, research some' . - v 
- areas in more detail and to test ^ome combinatit)ns> of desifln elements. , 

e.g. ^bathVoom and kitchen layouts. The second-, phase subjects/were • * 
se ected fr^' the larger subject pool as 'bejn^ representativeUf various 
ability levels. Thus, we-could be sure that, even though 'smal 1 sdlbles' ' 
■ were used, the criteria derived. from the second phase research actTvTties • 

>2"ii ^'^'^ ''^^^ ^^^^^ subject? in the sample, and 

to the disabled. population in general , to the extent that ojur 45a sic ' ' , 
^sample reflected, the range of functiona.l abil ities. in that*)ji,opulaiUon. ^ 

J^'''"^ !i 1^^^'^^tory Resting site; subjects' physical abilities 
wfere reasse^ed through victual performance of tasks that'w^re syeK- 
r^ported on-^the .Diagnostic Interview. XThis was necessary not ohly as ' 
^yali^atipn of the Diagnostic Interview, but also because the time- ' 
lapse between the telephone intervi.ew and initial visit to the labora- 
.tory v«s. often one month or longer. During this tfine. the physical 
status of many individuals Could either improve or deteriorate'. ' - 

After the ^al idation,. a change was made in the ability levei if a dis- 
^fepancy was noted. / Approxima.tely tWenty-five percent of tfre subjects ° • 
tiad a change in their functional 'ability level. .Some of this -was due 
to changes in physical status. The higfiest concentration of changes were 
in the categories.^of difficulty lifting and reaching and limitations of 
.stamina. These two areas' of tiie diagnostic interview appear-to be the 
vyeakest in predictive value; Some subjects seemed to ifeve difficultyv^ 
judging hpw high they ^u Id reach or» how fa« they could walk without' • 
«ratigue. Also, some subjects perceived themselves as more disabled 
than they actually were. , - - 

We did hot require wheelchair users to validate their self-reported* per'- 
formaRcOn. transferring since we'felt it woujd be too fatiguing A 
review of testing data sftowed thaffive fcheekhair users wko,. on 'the • 
Diagjostic Interview, reported that.theyHould transfer, /d not tr'ansfer^ 
at the^iime of testing. When investigating reasons for *is, we found ' 
three of these people had f'educed capacities since the ofcgnostic Inter-' 
vi.ew; ,pne .v«s able to transfer but 'had ex ter pal coTlectiSn deviJes and " 
thus, did not need to use a toilet; and the. Other oerson was simply too 
tati.gued. On the other' hand,, thene' were two wheelchair users, who» when 
-interviewed, reported that they could^not transfer, but djd at the time 
of testing, ♦ One of these people Had an Improvement, in her condition and 
the otj^pr one, who usually needs assistance to transfer^was ab-le to- 
transfer because he had grab bars Qff\ both sides at a preferred height- ' 
and prbximity to the toilet. ^ - , ^ 



llriTti'al we ha?l hopecl to recpuit not less than ten peo(j£ ip eacif ' 
fjLmctipnAl'.ability- level for each -d isabi 1 fty category in all but the' 
category',' '"inabil'tty' to use lower extremities.", 'In that category, we 
rfiade-fine distinctions in £»bility level/s ancl,- thu^, We sought only five 

,f)e.ople in each level but had* a large Jiumber of levels: 'It was. very 
difficult to find people at certain 'levels. This may reflect a very 
smejl 1 "incidence of*such disabilities'. In categories wherd we found only 
a f ew thdividuaj s at certain leVels, we combined those-levels for analysis 
purposes. Table* 1 ^ shows the breakdown for the^otal 'sample of^ > 
subjects by disabil i^y'>category. Those people who, in the val i<iafion . 
.pr>ocedure, were found not to be di sabled- by oli^ functional criteria ^ere 

'grouped i'h the able-bodied category.. » 

Description .of Subjects, " / • . ^ - 

••»•■•. • ' 

A second interview was administered to all subjects during their first 
.visit to J; he 'laboratory. -This 'was called the Opinion/Adaptation Inter- ' 
viewandvNas used-to solicit background information. about present living 
arrangements, use of technical aids and .opinions-' regarding design feature's 
for. increasing jjsabil ity of^dwelling uni-ts. The interview, took. approxi-' 
mately forty-five minutes to conjplete. Tables 3 through 5 describe 
the. sample in terrfis^ of age« sex and living arrangements. 

From^fhe tablas, it can be seen that .the sa^ii pie tias over twice as many ^ 
women than "men, consists almo^ ei^'irely of' peopled who live in independent 
housing and i« an adujt group. Almost twenty^^erdent *of our sample comes 
frTxi) publ.ic hous ing .. Compared to the adult population, this sample has 
a. greater proportion of. late, middle-ag«i and elderly people (over fifty-- 
five years old) tlian found in the general population over eighteen years 
of age (US Census, 19^). The over-sampling of women is related to the 
"aged" nature of the saniple in that women li.ve longer than men and» 
therefore, form a larger proportion of the [iopul^tTon in late adulthood. 
Moreover, they are much more Ijkely toTive in' public housing than are 
"men . ' 

* 

The characteristics of the. sample'mean that this group of people is ■ 
Likely -to exhibit generally Tower strength and stamina, reduced a^lity/ 
smaller ^stature anda greater famil iarity with kitchen work'than a sample 
with a more equal di'stribution 'of men^ahd wopen orfa younger sample. 
Moreover, these people are far. less likely, as a group, to have ad- 
vanced rehabilitation training- than, for example ^ a sample drawn solely 
from the li^ts of past patients at a spinal cord injury ce(iter or 
reha bi 11 tat'ion- center . ThU is not necesse^rily a detriment to the 
general izatbil ity of the research since the lower limits of performance 
are more likely to be over -represented among this group. If the lower ~ 
limits can be ^satisfied by design recommendations 'based, on this research, 
those people with better abilities will also be acconmodated, unless 
there are conflicts betweem^'tne needs of more able-bodied. people and 
those with more. severe disabilities. 

The fatt that middle-aged and 'elderly women are more familiar with 

■kit Chen- work reduces bias. Unfajnil iarity with kitchen tasks could' result 
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in poorer performance In tht-Tl tcheit-related testing stations. • It U'^ ' 
our feeling. howeVar* thaft the low level of ?ktll re<iu1r^d tomtom- * ' 
plete any of the ta'sks^ should not make #iwii1)l larlty an Issue except 1t1 
. the k1tche;i layout , experiment whene^' planning ahead would be Important 
^-criteria for success. ^ - / 
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Table- .l : 
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' SQbjecte for First Phase Testing , • t 
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. Table 2: . Subjects. for Second fhds'e testtoc). (Dlsilaled Only) 



)\ : . ■' Dlsabiuly categories . V , V • " ■ < 



Test Stations 



a ^ a o: < 3^ -m o -i q o ^•-h q a 2 < 



Toilet sttll 


.'6: 




1 > 


?• 1 


1 


" 9 ■ 


(Vens 


•4 


ft 

1 








5 . 


Mix center* ^ ' ^■ 


>• » 












' Lavatory . 


} 22 






V 

1 




.■27'^ 


Conventional shower 


5 




D 








« 

Wheel -In shower 


9 












^ Speeded 1 stance 


2*. 


1 1 


2 " 2*" 




. 2 




3-Po1nt turn 


7 








. 1 




L-turn 


9 


,\.- 


• 


/ r 


1 ^ 




^ Dbor closers , 
' Ramp 


11 
17 








* - 

\ * ' ' . 


11 • 

• • 


E^thtub 

U-turn with counter 


4 

in 


1 


^ . • "• 


A: 


■ 1 

■ > • 




- U-turn around wall 














Kitchen l^out 
tathroom layout 


7 
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• 
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•■■ '^^ 

* . * • 


% • 
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^ Ooor thresholds 
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Table 3: 



Aige Ritf>gt Of Subjects. Com pa!^ to US Population (19>QXeRsus). 

• ■ ' • . „ ■ i • . •• « 



■ ii.i.stFibut1ofi y ■■ - Age Distribution of . Age Distribution of — 
Rang^ of. Siibjects : Subjects. by Perciqntage US Population by Percentage 
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4:0-49 . 
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SCI fthd; Al^ovf 
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• / 



>95^" 



1 .0 
8.2 
13.3 
16.4' 
23.6 
20:5 
13.8 
3,T 

loa.o 




'^^^J*^ interviews with- Incomplete data on age. 
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37.9 
14.5 
11.1 
11.8 

C 

10.4 
7.7 
4.6 
1.9 
•99.9 



Table 4: Sex Of Su^ects 



Number Percent 



Male. 
Female 
Total 



61 ^ 
140 
201 



30.3 
69.9 
99.9 



Table 5: Residence of Subjects 



a 



i 



1 








-;' /' • 

Type ' 


> 


Number 


Percent 


Publicly subsidized housing^ 


37 


1.8.3^ 


Private 




161 


80.) 


Home for the aged 




1 


0.5 


Nursing home 




1 


.0.5 


Missing data 






0.5 


Total 


•r 


; 201 


99'. 9 



People, in this category liyed in housing that 
was. ffi'ther federally subsidized or pub.lic 
housing. ' 



19 



Anthropometrics < ' 

■ ■ ' ' . ■ ■ . ' /, • 

Objectives ^ • v , < 

Obtain obta about eye l€v$T and reach, limits. . ' 

Compare data for ambulant" and semi-ambulant subjects with data for 
wheelchair users. 

Compare' data from anthropometric measurements to abilities in actual 
use of the envlroriment (other testing stations). 



^paratus j ... 

. f > . . 

, Eye lever a*nd reach measurements were recorded by measurl'ng Individuals 
against a 6 Inch grid painted onla wall. Increments within the 6 inch 

\ lines ijtere measured by ruler from the grid lines. A wooden rod was in-» 
^erted Into the wall and prl)jected' perpendicular to It at a height of 
16 Inches for seated subjects and wheelchair users. The rod was used 
ss an.allgnm'ent device for reach -measurements. All measurements of • 
seated subjects (except people using wheelchairs) were taken while Sub- 
jects were seated In a chair with a seat height of 17 inches. 

Procedures • ' ' _ 

^ . ■ - 

For eye level dimensions, wheelchair users, 'ambulant and semi-ambulant 
.subjects stood sideways next to tne wall grid^ Rulers were used to 
project eye. level onto the grid. Subjects reached as high mi they could 
against the vail grid, from which the measurement was taken. To 
measure forward reach, subjects first aLigtled their chest against the 
projecting rod. The rod was removed and subjects leaned as farvforward 
as they could v^ile stretching out their arm against the grid wa\l . 
The measurement was tak^n at maximum extension of the hand. 

objects " ' 

^ . ■ , . 

The total number of subjects measured was 184. There were 59 wheel- 
chair users. Including four with exceptional Abilities and 125 ant)u- 
■ lant and semi-ambulant disabled people from all the other disability ' 
levels. , 

*" " ■ * 

Findings , ( ' ' 

' ' ' . ' ■ ■ ■ 

The da_U jre presented In Tables 6A-66 and 7, Vertical reach for 
wheelchair useps varied from tess than '36 Inches to almost 72 Inches. 
Five wheelchair users could not reach vertically to 54 Inches- Over 50 
- percent of the wheelchair users could reach to 60 irtches or higher. For 
forward reach, the maximum for wheelchair -users varied' from 18 Inches to 
over 42 Inches', with ov€r 50 percant reaching to 30 Inches or greater* 
and nine people reaching less than 24 Inches. These data Indicate the 
gfeat variability In reach1n;g abilities among th1$ group. Data from 
other testing stations Indicate that reaching abilities, 'when measured 
through actual task performance, can exceed those Iqwer limits demon- 
strated here through conventional 'anthropometric measurement. 



Gbmparing data fdr the ambulatory/semi -ambulatory group and the wheelchair 
users, shows tha^t, »s-one would expect/ the ambulltory and semi-ambulatorf 
people in our sample, have much titgher reaching- abilities while standing 
than wheelchair user*. ^However* while* Sitting, th6ir abilities are ' 
•simflar except at higher,- 1 imits. ^ ■ . « 

' : ^ ■■ . 

A comparison of eye level heights while seated shows that wheelchair 
users were, on the whole, similar in height to the^^bulant and semi- 
ambulant subjects. The maximum forward reaching abilities of seated 
ambula^nH: and sgiii-e^(nbula'r\t subjects was slightly greater than the wheel- 
chair users. Comparing this group to statistics Available for the 
.general population (see Table 7 ), 39 percent of the sample had an • 
eye level height below the 50 percerftile eye level for the general am- 
bulant female population. TItis sample i's, therefore, not a short group. 

Rbcommendations 

— : . . \ . . 

The- eye level of ambulant and semi-amb^ilant disabled -people used in 
design, should, be l^sed upon eye levels' for Xh^-gerter&Jkpopulation, taking 



into consideration a range of height*. The eye; levari for wheeAair • 
users should be considered as a ran^^/fro)^ 35 'So* S^Mhtehes. ^W- maxiMi 
vertical reach for ambulant disabled^^jfeO^le shoUld IpeSas^d 
highest reach of the general pobij la tion^. Thfe maximuilefrtical reach .for 
people who ase wheelchairs shoulU "be cOhsWerea as a la^gjfr frq!iL^^to72 r. 
inches. The iflaximunf forward riach" for|-am»uTaitt,di«^bM^oyfe^ 
be co/isidered as a rahge from 18 to J2 in/^es., Tljfe^fex\ium forward ' ' » 
reach for whe*elchair us&(s -shObiW-HSe consi^dered as a" ra^ige fp^mVl^ tq 
39 inches. Forward reach shqid^ be* measur|B|^f rcffi -tfie positjiShjW' ' 
chest while in an upright poiition aad without rUfifll^ons on fenina j 
forward. • y ' . T :^'. C Nt"^ 

These anthropometric dimensions should notr^ tHe /Sasts fori- specific^ 
design dimensions. ^ They describe a rang(e*'of abiWies wi.th'bv.t the • 
imposition or challenge o^ any task or oi^jective. Mor^ver,'- \hey_iiinojb • ' 
reflect the needs of several user gBcgps to^iether. 'Fop e'xamplfe,^ifa^^< 
telephone is to be used by aTV. people, they must be convenient. to' tal 1 
ambulant peoplfe as'well as wheelcl^ir users. When such specif ic' design 
features and goals are considered, meeting the very bottom of the range 
of^abilities may r^t be feasible, although desirable. - ^:> ^ 

The findings point out that anthroponejtric dimensions of the able-bodied 
population interpolated into a wheelchair will not give'a true' picture 
of the dimensions .of reach for wheelchair us^rs. Not only is there great- 
variability among people who use wheelchairs,- but reaching abilities 
vary as a' Inunction of task demands and challenges. 



Tables 6A - 66: Anthropometric Measurements .(percentacys 1-n parerttfceses) 

Wheelchair. Usens: Highest" Rg achVv- ^' ^ B- Sati1-Aijibu,larit and Ambulant. Seated; ^i^ghest Re'acR^ 



Greater than 


DU t 1"^^ 

-than * 






^ Equal to or 
Greater than 


But less 
than 




■ c ■ 


--■ in ; 

36' 


36 1n. 


1 


- (2) 


■ f : . 

- in . 


36 1n - 


.1 

* 


(1.) 


42 


0 


(0) 




•42 ^ 


0 


(0) 


42 


48 


1 


(2) 


, 42-. 


. 48 

f 


1 


. (1) • 


48 


54 


, 4 


(7) 


48 


54 


2 


(2) 


54 


60 " 


19 


.(31) 


54 . . '. 


^60 


36 


(29) 


60 


66 


. 30 


(51) 


60 


66 


. 65 


(52) 


66 ■ 


72 > 


3 


(5) 


66 


72 


8 


(6) 


72 




o' 


. (0) 


72- 




•l 


0) 


MUsing data 




J_ 


(2;) 


Missing data 






^ (9). 


Total 




59 


(100) 


Total 


• 


125 


(100) 
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Equal to or 
Greater than 


i • ' 
' But less 
than 






i,n 


60 In 


. 3 


(2) 


60 


66 


4 


.(3) 


'66 ' 


72 


15 




72 


7a. V 


53 


(43) 


78 


84 


33 


(27) 




'90 


■ .9 


(7) 


90 

*• 




4 


/■ ■ • 
(3) 


Missing data 






(3) 


4 

Total • , 

4^ 


-» — 


125 


(100)^ 
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D» wheelchair Users; Eye leviT 



Equal to or But less 
Greater than than 



'/- In . 36 In' o' ' ^(0). 

36 ^40 1 (2) 

'40 44 12 (20) 

48 . 37 (62) 

48 52 8| (14) 

52 , 0 (0) 

Missing data ' (2) 

Total . 59 |(100) 
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Semi^AiTibu'lant and "Ambulant Sitting : Eye Level 


f\ .Standing,: ' Eye 
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G.^ Seated: Maximum Forward ReacTT ^ ~^ ^"%[ : " 

EquaJ^to or , But less * ^ » 

' Grea^ter than than^ ' ■.Wheelchair Ambulant 



\ ■ 
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^1 


. 24 
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, (5) 


' 11 (9) 
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2^ ^ 
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* ii 9^1 
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23 19) 
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• 


36 ' n 


3§, , 
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. .. \ 
0 

1 
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39 . • . 

. 42 ' ' - 
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10) . 
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■» 
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Table 7: ' Eye Leve1\ of US Adults^ 



Male * Fe 



97U percentile 69.3' )n 
50 percentile 64.6 ; 

60'.0 ' 




2.5 percentiles 



,64.6 ^ 

60.0 

5&.0-' 



Source; Diffrient, etal.-, 1974 
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Wheelchair MatieMvers 
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Objectives \ . " « • . ■ ' . 

■ 'J 

- Determine minimum dimensions for making a U-turn within an enclosed ' 
space without any obstructions and with a" counter on one wall 

- Determine minimum dimensions for completing „a K-type turn within ar> 
. enclosed space. . ■ ^. , 

- Determine mini^l1um dimensions for making a U-turn around a wall 

- Determine minimum dimensions for making an L-turn from a corridor ' 

- Determine if a relationship exists between corridor width and the'* ' 
minimal-clear opening recfuired for making an b-turn from a corridor.' 

Apparatus ' . « ' <^ 

Wooden Walls were constructed that could be used to set up enclosed 
' f'^?^.^*^*';® "^"euvers'described above. For the 180'' and K-turns. two 
fixedT^rtitions at right angles to each other were setiip. A third wall 
could be moved back and forth to create a three-walled space with an 
adjustable width. A 1 1/2 inch thick counter was Installed on the 

"^-^V ^ -^V^^^ °^ ^'"^^^s ^° top surface; the counter 
. To.lded into the wall when not in use and was supported by a chain when 

?!1 ^^1' ""^"^^ ^ feet .high. For the U-turn around a walT, th 
end of a 4 1/2 inch thickv^alL, constructed for another "experiment, was 
used, to turn around— np^closures were provided. For the L-turn, a 
movable wall, ysed in; the door experiment, was set up in front of the 

J" the elevator experiment, tQ provide an adjustable corridor" 
width combined ^ith an adjustable clear opening. - 

^ Procedure , ■ > " , 

U-turn: Wheelchair users completed a 180'' U-,turn in whatever way they 
found most -efficient within the three-wal led space. Several trials 
were completed whfle the adjustable wall was moved closer and their- 
starting posnion was shortened, until thp.minimum space was found: The 
^istance between walls and the. distance from back wall measured to the 
foremost projection of the person's wheelchair, upon completion of the 
turn, were recorded. The same 190'' maneuver was repeated with the 36 
inch high counter in place on on^e side and the space was adjusted accord 
mgly. The counter provided a completely clear space beneath. During 
,a later phase of testing, wheelchair users returned .to perform the 180** 
maneuver with^a 31 1/2 inch high counter that prdvi'ded 30 
inches clear^ance 'from floor to^underside of coiftit^r. • . \. 

K-turn: Wheelchair users com^lete^d a three-point, 180" turn Within a 
t?hree-wal ed space (see U-turn). One wall was movable and was adjusted 
accordingly after seNTeral trials until th^mi/inium space was found. The 
Width of the space and <he length, measurif if-om the, rear wall to the. 
foremost projection of the person or wheelchair, were recorded. 

U-turn Around a Wall: Wheelchair users were asked to do a 180" U-turn' 
around the end of a wall. Subjects w6re aligned so that their. tge or 



k ■ ' 

footrest was. above the starting line and the wheel closest to the wall 

was 6 inches^rom the wall. Measurements were recorded for the greatest 

. width on 'either side of the wall and the distance needed at the head/af 

the wall; , Several trials were made. 

^L*turn: Three clear opening widths->32 inches, 34 inches and 36 inches 
'were tested separately with corridor widths ranging from 5 feet to 3 feet. 
:until the minimum conditT5ns7 for each subject,, of the narrowest corri- 
dor width and;,jiarrowest clear opening was found. " Each subject performed 
the more difficult turn, in terms of direction, hence a right-handed 
person turned right into the opening so that his left hand was operating 
the oy^tboard wheel of the wheelchair.' ' ' , ' 

• ^- ' • . . 

Subjects ■ . • • 

Fifty-four wheelchair users demonstrated the 180° turn without counters 
and with a 36 ihch' high counter. Three of these people used electric 
wheelchairs; Twelye wheelchair user.s, at . all ability levels, demon- 
strated the'180° turn with a 31 1/2 inch high counter. A small group of ^ 
nine subjects were selected from the total group of wheelchair users ^ 

. to complete the U-turn around a wall. A -small group of eight subjects, 
selected from the total wheelchair group, completed the K-turn. One 
subject in each group had 'exceptional abilities. Jn the U-tyrn group, 
two individuals had completed the 180° tu.rn in less than the average 
space, while the other seven had all required spaces larger than average. 

■"The K-^urn group represented a wide range of abilities. In the L-turn, 
ten subjects representing a wide variation of abilities, were tested; 
six were either quadraplegiqs or had limitations of stamina. • 

. Finding^ •• ' , . • . 

180° turn: The testing in^l^'ca ted that more depth Js needed than width, 
as sh6wn in Fig. ^A. " AT so,^ the^depth required wa*s, for the most part, 
directly related- td wictth reqUired . A space. 54 inches wide by 72 inches 
deep acconimo(;l*xed most subjejstk. " The maximum space required was 68 
_inches w'ide^by 84 . inche;5- deep. VA space 60 inches' wide by 78 inches deep' 
accommodated all but ffve of the' fifty-four subjects. The 36 inch high 
counter i^equir^d niJ:^ditional raneuvering" space. , ~ ' 

K-tu»tn.- Space re-quiped' for" th6lf-turn rfeinged from an area 42 inches by 

48 ifiches, to/an area 60 inches/wide by 72 inches, deep, as shown in Fig. 

2C. The average size o|f the ^airea n'edessary was 54 inches wide by 66 
inches deep.' . . f , , ' ■ - , 



U-turp Anou^' a-Wa1T:' "The largest" space required was 36 inches wide at 
.the start sT5e olF the wall , 42". inches wide at the finish side of the wall 
and' 48 inches at the heac( of the wal-\. People who could use their feet 
tufned " in -spaces" assail a-sJ^O* inches* wide on ea6h side and at .the 
head of the vJal 1 — » 

L-turn: The dat^ i§ presew^iWM^ JabTe 8. Turning into a 32 inch clear 
opening, a 36 inch wide cprridor accommodated, seven of the ten subjects 
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but a corridor width of 42 inches was nepded to accommodatlall subjects 
including those in electric wheelchairs. The three people who could not 

' rlll;^H«^^^^^"*^°f!^'l^'f ^'^^^^ (32 mches) from the narrowest 
corridor_ (36 inches) tried turning into -Wider doorways. All three were 
able to*turn into a 34 inch wide doorway, from the narrowest corridor (36 
nches). It follows then that all ten users. could turn into .the 36 
inch wide doorway from the 36 inch wide corridor. 

Recommeftda tions 

" — ^ < 

U-turn; Rectangular or oval shaped spaces should be provided with a 
diepth longer than the width. The minimum width should be 60 inches 
T^ minimum depth should^'be 78 inches.; . , \ 

K-turn: K-turns can be accomfnoda-ted jn less space than U-turns.. The 
.space provided should be rectangullfcpf oval, with a depth longer than 
the width. The minimum width should be 60 inches. The minimum depth 
should be 72 inches. 

U-turn Around a Wall: A « inch clearance should be provided "on each 
side of a wall while a 48 inch clearance should, be provided at the 
head end. ' . ^.n , 

L-turn; The minimum corridor width for an L-turn into a 32 inch clear 
opening or a 34 inch opening should be 42 inches; with a 36 inch clear 
opening, the corridor width can Ije reduced 6 inches to 36 inches.. 

Ma'rginaT, Population - ' _ ^ 

All wheelchair users who can maneuver independently should be able to 
maneuver within !he recommended spaces except some hemiplegics with 
manual chairs. The five people who could not turn within a 60 inch 
by 78 inch space either had limited abilities in upper limbs or had ' 
limitations of stamina (level 6-11 or 6-14). They could all manage 
a K-turn within the. recommended space for a U-turn. / 
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32 Inch Clear Door ' 




34 Inch Clear Door 






48 Inch . 
Corridor 


y 36 Inch 
) Corridor 


42 Inch " \ 
Corridor 


48 Inch • 36 Inch 
Corridor Corridor 


42 Inch 
Corridor 


Si- 
Successful 


A. 10 (100) 


■ r (70) ' 


3 (100) 


3 (IpO) 3 (100) 


3 (ioo) 


Unsuccessful 


0 (0) 


3 (30-) 


0 (0) . 


0 (0) 0 (0) 


0 (0) 


Total = 10 








Total =3 


4 



Note: Only subjects who qbuld not complete the turn with a 32 inch clear opening and 
a 36 inch corridor were tested with the 34 inch clear opening. 
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- ■ . ■ Figure 1: Plan of L-Turn Apparatus 
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Figure ^: Results of Wheelchair Maneuverfng Experiments 
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Figure 2: . (continued) 



C. K-TURN 
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Figure 2: (continued) 
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L-Turn Off Corridor 
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Speed and .Distance ' 
Objectives " • . V 

Determine. rate of travef for walking on .level ^terrain. " i > 

' • . ■' •• ,..•'■,■ ■.•»* , ■■' ■■ 

• Apparatus • ' . ' • ' " ^ y^:' ^ 

Procedure • . v . • * , ' \ ; 



From.the starting line, subjects walked or wheel ed' to- the end -rf^ ' ■ 

could^'n'^'"'"' ^l^'^"^ «"eel at a'nirll^L'^as''fa^ tliey ^ 
could but lo try and reach the end of the course'' Total (v1«h<i»rf Wm^^- ■ 
was measured with a ;stop watch. No stoJ^ng'p-aSi. 



Subjects 



< 



" IIl^^IrS"''.'°^uP' ^ ""^^ performed at a. wide range of ^abiltty i^Vels 

f^indings ' o - ' " • . . -> 

The average time necessary for wheelbhair users to travel the l-QOript. 
. .was approximated 65 seconds with a minimum time of ■2rsS'(e^^ 
f^'';!L-''J,'.'l''"' ^^'^ of 175-seepnds. '^9™ time 

or sL^l!;a''±[:L'"°'''*',J*'T "^'^^ ''^^'"d hosrwHr;baUnce ' 

or stamina problems was 75 skonds/but several needed OMer^r amiel f 

Jwo people in wheelchairs cou^d tiot travel the. full dfsUnce (?he1r ' 

maximum distances were 42 feet and 50 feet) and stopp^ffiuie^pV ■,, 

RiBcomniendations .' • .; 

' Increased travel times between two pojnts are required for many dis- 

^ tr ve/o?' '5 fl H?°;:'' "^ing an average of 

travel of ,1.5 ft/s, which would accommodate most, but .not all oeoDle 
Where many slow moving people' are expected. such\s in hous ng for* 
all H^p^^^H calculated using a rate Sf Over- 

feet c^bp Siid ,^ ^°'^"^^de tolerances for re^tina. One hundred 
Teet can be used as a maximum distance of travel b^en restina areas 

' \ gn?fS ttv'd'ifTerVn? rf'^'i ^^^^^ anc^rStefarSVot' 
sign,iTicantiy different (see eleve^tor results), . 



"V. >■ 



Travel times cdn be used to generate distance requirements where it is 
desirable to reduce exposure to bad weather to a minimuin or where util- 
. Ization of facilities is based^ on convenient distances, such as shopping 
malls. Disabled people should not be forced to travel for ^nger times 
than able-bodied people. , 

. . ' '■ \ ■ . ' ' 

/ Marginal Population ' s 

'A few people who use manual wheelchairs ^nd also have low stamina or 
ir^stricted use o'f their arms may have to rest along a 100 foot path of 
\travel . Many semi-ambulant people, ambulant people and people who use 

wheelchairs who have low'stamina will travel at a rate slower than 1.5 • 

ft/s. ' . . 
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T«ble 9: Rate of Travel Fincfings 



Time to Travel 

>dO Feet in Seconds 



Rate 

of Travel 



0-33 
34-50 
5T-67 . 
68rl00 
•101-133 
134-1^7 t 
l«8-200 

Null performance 
Missing data 
' Total 



at least 3 ft/s 
at. least 2 ft/s 
at least 1 .5 ft/s 
at least 1 ft/s 
at least .75 ft/s 
at. least .6 ft/s 
at least .5 ft/s 



Wheelchair 
Users* 



5 

la 

1 

2 
2 
2 
1 
2 

11 ■ 
26 



Other 
Disabled 



Includes two with exceptional abilities. 



1 

1 

0 
1 
1 

2 
O' 
0 
0 



Abie- 
Bodied 


Total 


2 


8 


.0 


11 


0 


1 


0 


, 3 


0 


3 


0 


4 


0 


V 


0 


2 


0 




2 
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Push -Purl F o> 
Objectives 



/• 

liiffitat 



^- Determine maximum forces that people y/lth liiffitations of strength can 
exert against doors and windows. A 



Apparatus 



A device was constructed that could be mounted on jjwall in a variety 
of positions. A , wooden, push-pull bar was mounted ^ On a wood plate that 
♦Slid in channels, similar to the tracks of a window. The moving pieces 
were lubricated with wax. The push-pull bar activated a force, gauge. . 

Procedure * ' ' . 

Subjects demonstrated methods for operating slidingjfcd double-hung win- 
dows, using right push, right pull, left push, left pull and vertical g 
pull forces applied to the apparatus. The same motions, except .for' n 
vertical pull are used to push and pull doors open. In lateral, push- 
pull operations, only one hand was used while 6oth hands were used, in 
the vertical pull.ing motion. Readings of maximum force exerted were 
read off the force gauge. 

Subjects 

People with reaching, handling, stamina and balance probl^ms^ as well as' 
people who use walking aids and wheelchairs were tested. Able-bodied 
people were also tested. 

Findings ^ r ^ 

Table 10 presents data collected for thJ five pusli-pull forces. There 
'is great diversity in the abilities of people within both major groups 
of subjects for the five types of applied forces. Approximately 23 to 
30 percent of 'the wheelchair users could exert forces greater^ than 15 
pounds in all positions! whereas, 39 to 44 percentof all the other dis- 
abled subjects Could exert forces greater than 15*poufids iri all positions 

Reconinendatiofis 



Operating forces for opening doors and windows should be as low as 
technology allows, preferably below 5 pound-forces. Door closers are 
designed for minimum closVtg force. They operate by storing mechanical , 
energy in a spring or pneumatic chamber as a door is opened. Since 
'they do not operate at perfect efficiency, more energy must be put into 
storage than can.be taken out during* the ^closihg phase. ^ Thus, it will 
Always take' more force to open doors with conventional closers than 
their minimum closing force. Closing forces for closers used on exterior 
doors. Is recommended by product manufacturers, arje often larger than 8 
pounds. ' • , 



/ 



Marginal population * ' 

The disability groups wllich were unable to apply a force of 8 pounds were 
those. 1n/ the categories who have difficulty lifting and reaching, the 
group wi/th both difficulty lifting and reaching and difficulty manipulat- 
ing finders, wheelchair users who have poor stamina, those who have dif- 
ticultyj bending, kneeling and getting up and down from chairs and finally, 
a few ajtibulatory people with poor stamina. 
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Table 10: Maximum' Push- Pull Forces 1n Pounds (percentages in parentheses) 



i 

liptm 



Vertical Pull 



Left. Pull 



Left Push 



Haxlii 

Force. Ibf) 



.TO 



w/c" 



f Other 
Disabled 



Other Other 
vw/c Disabled w/c Disabled 



Right Pm^I 

/ Other 



Equal to or But less 
Greater than than „ 



5 

10 
16 
20 
25 



5 

10 
15 
20 
25 



Exert 8 lb maxlmun 
Jotai 



7 (13) 10 (9) 

"^19 (35 ) 28 ( 26) 

13 (25) 28 (26) 

7 (13) 18 *(17) 

3 (6) ^9 (8) 

4 (8) 15 (14) 
23 J43) J2 J^) 
53 (100) 108 (100) 



6 (11) 13 (12) 3 (6) 5 (5) 

19. (36), 31 (29) 15 ^6) 34 (31) 

8 (15) ,23 (21 ) 16 (28) 34 (31) 

5 (9) 14 (13) 10 (19) 14 (13) 

10 (19) 15 (14) 4 (9) 14 (13) 

S J9) 12 (11) 6 (11). 8 (7) 

23^ {43) ' 38 . (35 )' 16 (30 ) 31 (28) 

53 (100) 108(100) 53 (100) 108 (100) 



w/c 



Dlsabl ed 



7 (/13) 14 (13) 
20 ,(38) 1-9 (17) 




Right Push 



Other 
Disabled 



14 ^(26) 32 (30) 

6/(11) 14 (13) 

3/ • (6) 14' (13)' 

(6) 15 (14) < 

24 (45) 3p (27) 

5^ (100)'106 (100) 



*3 (6) 3 (3) 

16 (30) 31 (29) 

18 (35) 31 (30)' 

7 (13) 21 (18) 

5. (9) 12 (11) 

4 (8) 10 (9) 

16 (30) 25 (23) 

53 (WO) 108 (100) 
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Wheelchair users. 
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Ramp 

• • ■ 

Objectives ■ ' 

■ ??^^"1?J"® the maximum slopes that can be managed.- 

" Identify relationships between slope and length of ramp'.' 

Apparatus * ' . 

1 f2o[°?Jt^JvJic°"^?t^ ^^^p^- '•^'^p ^^^^ in 

fJriJ^tT^^-^ JL^"^ handrails at both sides, mounted at 32 Inches' 

ramp 3 1/3 Inches high. The clear Width. between curbs was 48 inches 
. The ramp surface was untreated plywood.^' 

Procedure ' * ' 

ffioJlS^bf^n^J J^^^' ^° determine maximum slopes 

t^t could be managed, we also had a concern for the energy cost of 

l!rn??oH*?E'- ^/t?"s1ve measurement Of energy expenditure under con- ' 
hr? iL^f r'?^^'!' conditions with standard clothing was not possible. 

p^LhS^thS^l'*'^^'^'"^^"^«^ ^° determine ^jihen'subjects had aver- 
.extehded themselves In using the ramp, ^ ■ u uycr 

unlucres^?^^ * '1°P^- ^"'^j^^ts who hadV 

unsuccessful trials with the ramp at 1:12 returned to test a ramp at , 

of 1'20 ''^''^ unsuccessful on that ramp cpturned to test a sldpe 



of 1:20 

Subjects y ^ 



u ^^"''^^^^ People were tested according to * 

Table- 11. Ejffiteen people returned to test the 1:16 ramp, whereas • 

5. Up 1^ V^?'^' Risers cameback onc\aga1n to test the 1:20 ramp 
thl r^^^^l^ s^t^Ject waVat rest. Subjects negotiated 

ll^J'^il °^Vv«.l problems they had were 

l^iy^:. then came down the ramV Pulse was taken Immediately 
ml^I ta'^^^^"* ^^^"^ ""^""^^ the puhe was takefi once 

Tf'^:. ^Imft necessary^for the pulse to, return to norma V was recorded 
/f rZ ZT.^^t'^ excesslne time deUys during his negotiation 
to inl^^hTln [ JI Jl''.*^"' complet on the pulse rate had not returned 
JnHnoi " ® ^^-^^^ resting puVSe. the task performance was 

Juq,ged, unsuccessful . . , ., 

■ ' / ■• 

'fn nfnnf l"f^*Ji^ ^l^'^ °^ whtfelchalr -users were unable 

to negotiate the full leligth of the steepest ramp (1:12.). Approximately 

one third of the test sample could not complete Mlstartce of eJen 5 ' 

wi'.Ki J^"!®^®",P^r^?"^ °^ """^^ ""^'^le to manage the 1:12 ramp 
were able to travel at least 30 feet of the 1:16 slqpe ramp. Every 
member of the wheelchair user grouR. Including quadriplegics was able to 




\ 0 ' 

\ complete the full length of the ramp with a 1:20 slope. Many subjects 
required a very long time to negotiate the full length of the ramp at a 
slope of 1:12. . ' ^ " 

Rallinqs were rarely used as direct mobility assists by wheelchair users. 

. Only onft or two hemipleglcs In wheelchairs pul led' themselves up the ramp 
Using the>ra111ng at the side of their more useful arift. Railings were 
u-Sed by ot;hers, however, as course correcting guide rails both during 
ascent and dei^cent of the ramp. , Semi -ambulant and anibulant people alm9St 
always used one or both ralllogs,,. Wheelchair users who have limited use 
of tbeir feet maV often use their feet to help propel 1 themselves up a 

' ramp. A successful method demonstrated by several people was *a backward " 
ascentipn, keeping their weight toward the head of the ramp as they pro- 

. pelled themselves wit ft their feet. 

Recommendations \ 

J f. — • \ ■ . V 

Because of the wide var1at1bh\1n abilities of wheelchair users to 
negotiate ramps, alternatives tp ramps should be egp^uraged. Where 
ramps are used^' si ope/ length shou^ld be Inversely rej^ted. Table,12 
shows recommendations for maximum slopes and length of ramps. Railings 
should be provided at both sides, W^ans to Insure that wheelchair and 
waUIng aids will not slip off ramp-edges should also be provided. 

' -I 

Marginal Population "A 

While all subjects in the wheelchair user group were «ble to manage the. 
shallowest ramp, it was clear that steeper slopes present problems to 
subgroups within the total wheelchair population. Peoplie with jimita- 
tions of- stamina, hemiplegics and quadriplegics all may have difficulty 
with ramps steeper than 1:20, Some ambulant users with stamina limita- 
tions and walking aid users miy also have difficulty with ,steep ramps. 
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Figure 5; Ramp Slopes Tested 
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^bl^ TVt Ramp DisUnces Traveled 



. . Olstance 'Traveled by tJhefelchadr Users (percentages In parentheses) 

' * * Slope: ' ' '•O' 

. Distance Traveled (In ft) 1:12 1;16 . 1:20 



Equal to or Bilt less 
> Grel^ter th^in than 





5. 


17 

• 


(30) 


2- 


'•(11) 


0 




<N? . 








' 'o 


. V 


0 




It 




2 


•(4) 


3 


.(18) 


0 




■■ ^ • 


-29 


3 




.1 


(6) 


• 6 




30 


'40 


32 


.156.). 


n 


165)' 




(100) 


Total 




' , 57* 


(100). 


17 


(100) 


•3 


(100) 



a- ■ . ■ ' 

Includes wheelchair users with excef>t1onaUabil ities. 



. — — ~ ' • ^ ' • ■ ' ' — — ■ — ^ ^ \ 

OistaTice. Traveled by All Others (percentages in pa,rentheses:) 



• Slope: 

•Distance Traveled (in ft) 1:12 1:16 <. . ^ ^»1:26 ' - 

. ■ — 7—^^^ — ' J ' — V ^. — " 

Elual to or * But lass ^ ' , V. ^ 

GwaVer than than « - \ . 

■IS ^0 0 0 .V 



f 



:4 *< ' ■ 



5 . 10 r ^ 0- 0 ^ 0 ■v - ' - 

;io\ 20 0^ • "0 ■ -o" . -/Xrv'-'' 

21 . ' . ^9 ' 1 (1) ' -^0 . O.'/.; . -J" 

..." . . * 40 I 65 (98) 1 (IQO); '^' ' .t \: 'X' 



y ' TotaT • ^ ., *' 67 (100) ' . .1 y-ooj ^ v^^.V ,0.'P 



•7-r: 



I ■ , 



; .;.r ^'if^ ^-r-. ^" 
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table ^ 2: Ramp Slopes and Completion Time 



•A.* Wheelchair Users Who Completed 40 Feet (percentages In parentheses) 

. 1:16 .1:20 



Slope: 

Completion Time (in sec)' A-AZ 



Equal to or But .less 
Greater than than 



;26 

> 

4i 

61 
81 
1-20^ 

Missing data , 
TotaU 



A (33) 




1 M . 

31* (100) /'to (100) 



3 (100) 



Includes wheelchair lasers with exceptional abifities. 



All Others Who Completed 40 Feet* (percentdges tti parentheses) 



Completion Time <1n sec) 



Slope: 
1:12 



1:16 



1:20 



Equal to or 
Greater than 


But less 
than 






1 




« 


• 

28 • ^ , 


27 


37 


(57). 


0. 




0 , 


40 


11 


(17) 


0 


« 


0 


^41 .. 


60 


7 


(11) 


0 




0 


;.6i 


80 


5 




0 




0 


-.a.i '"•->■ 


120 


2 


(3) 


2 


(100) , 


0 


120 ;.. :■ 


« 


2 


(3) 


■ 0 

4 




•0 


•Missing dati 




_1_ 


Ji) 


_0 




± 






6^ 


(100) 


2 


(100) 


-0 
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Table 13: Maximum Lengths and Slopes for RampwayS' 



A,llawd4)le Horizontal 
Projection for Rampways* 
(in feet) ^ 

2 ' 
60 

160^ 



Mdximum Horlzoatal Pro-* 
jectlon of Each Run 
(In feet) ^ 

2 

8 N 

30 
40 



MAximim Rise of 
a Slnjje Run- 
(In inches) ' 

' '3'- . 
. 9 
30 

30 , 



Allowable Slopes of Rampways 
If slope - 12,511 ('1:8) or lesi steepP . 
If slope - 10,0% (1:10) or less steep^ 
If slope - 8,3% (1:12) or less steep 
If slope « 6.25% (1:16) or less steep 



A rampway may have more than one rampi rui); landing?, are hot counted as part of total allowable horizontal 

project'ion* ^ • . ' 

'^All slopes taken from a horizontal plane, . ^ . , 

^Based on research of others (Templer, 1977 arid WaJter^, 1971)/ . 
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Toilet . 4> V 

Objectives ^ 

' — ^ s> . ^ *■ 

- Determine th^^jffFrHtium (jimensions for toilet stalls that WiU accom- 
modate 'all users. ' ' 

- Determine comfortable heights" for toilets satisfactory for both ambu- 
lant and non-ambulant users, if ^ppssiblis, I 

- .Evaluate the ne€<for grab bars at toilets and determine the best 
, location for them. 

- Determine the reach limits of people for establishing the location of 
toilet paper dispensers arid flush controls. 

Apparatus . < ' 

A va^^ hixng toilet was mounted on a device that allowed changing the> 
height rapidly ^nd easily. Toilet seat heights were adjustable from 
15 1/2 Inches to 22 1/2 inches, measured to the top of the seat. Four 
sets of horiijontaFgrab bars were mounted on movable walls at eittier 
side of the toilet. These bars were 1 1/2 j'nches in diameter and could 
be pivoted out of . the way so that only one bar at a time was availajble 
for use. The lowest grab bar was mounted at 27 inches on center and ' * 
the three other bars were mounted at 3 inch -intervals to 36 inches, 
.measured from the floor to the center of the bar. A single horizontal- 
bar was mounted 18 inches above the toilet rim on the rear wall. The 
walls were parallel with the toilet and could be moved from within 12 
inches^on center with the toilet bowl to 48- inches on center with the 
bowl . ; All bars and the walls were marked with a six inch grid. A 
grid v«is al^o painted on the floor. 

Procedure " ' 

In' the first phase of testing, subjects first demonstrated how they 
approached the toil et before sitting down or transferring. The stall 
width was then adjusted to the minimum size necessary to accommodate 
their particukr technique. The stall width was not adjusted narrower " 
than 36 inches. The toilet height was, set at. 14 1/2 inches at first. 
Subjects then selected bar heights with which they felt comfortable. 
Initial trials were made to evaluate the seat height and grab bar 
height selected. Adjustments Were made until optimal, or*most comfort- 
able, conditions were found. On each trial,' seat height, stall width and 
hand placement on bars were recorded. Maximum reach measurements were 
obtained for toilet paper dispensers along the closest side wall and 
for flush controls at the rear wall. * 

In the second phase of testing, wheelchai^^^sfirs who had used excessively 
wide stalls and walking aid users who had fln narrow sta'lls in the first 
phase, returned to test 36 and, 48 ifich widTstalls with four different 
grab bar conditions. In each stall, the toilet was positioned so that 
Us centerMn^ was 18 inches from one side wall. The remaining ^all was 
'set at .18 inches and then 30 Inches from the bowl centerljne. The four 
grab bar conditions were: A) four bars affixed at each stde as in 
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previous testing, B) a masstproduced toilet seat with integral assists. 
C) a swing away bar on the wide side of the toilet, and D) a conditiorl 
where grab bars were available on only one side. For all conditions, 
the toilet seat height vai fixed at 17 1/2 inches to the top of the seat. 

Subjects • • 

r 

In the first phase, people in all categories at all levels were tested. \ 
including eleven able-bodied subjects and fifty-eight wheelchair users, 
four 0^ whom had exceptionally good abilities. During the second phasl. 
of testing, (linj^ subjects who needed either excessively wide or narrow 
stalls returned* to the laboratory for further testing. Two of these 
peopleyhad not been in the first phase sample. 
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Findings V" » 

Results ^or the first phase showed that 31 percent bf the total wheel- 
chair user group could not complete toilet transfer's. Of the forty 
wheelchair users who could transfer, nine people needed stall widths 
larger than 48 inches. Figure 6 illustrates stall widths for all sub-, 
jects using their optimal technique. A seat heiglht of 17 to 19 inches 
was most often preferred. \ 

Grab bars at heights of 33 and 36 inches on cent^" were most preferred," 
^ as illustrated in Figs. 7A-D. Bars were used most often starting 18 

inches from the rear wall to four feet from, the Wall, as illustrated in 
; Figs. 7A-D. The grab bar at the rear.walt was us6d by ambulant people and 
wheelchair users who could stand to transfer. Reach limits to the closest 
side wall extended from 36 to 42 inches from the reaj^all at a height 
range of 30 to 36 inches from the floor. Reach limiM|to the back wall * 
were within 12 inches of either side of tM toilet centerl ine and above 6 
inches from the top of the toilet seat. 

In the second phase of testing, all subjects were ab]e to complete a 
tran&fer to'the toilet within a 48 inch wide stall, as seen frotfl Table 14. 
Several people who normally preferred a side transfer technique could 
perform a diagonal front transfer but indicated that it was more diffi- 
cult. The integral seat grab bar was the least preferred grab bar 
condition as the bars were too low for most users (9 inches above the 
seat or '26 1/2 inches aboVe the floor). The bar supports became obstruc- 
tions to people using diagonal front transfers. The swing away bar was 
useful to both semi -ambulant subjects and wheel charfrirsefs. The con- 
strgction of the bar, however, caused a slight movement at the grasping 
end which made several people uneasy.. When faced with the restriction 
,m . Of grab bars to only one side, subjects selected the side, closest to the 
' toiletJlS inches from bowl centerl ine) . This situation-was usable to 
most v^eelchair users since their wheelchairs served as an additional 
assist on the other side. Ambulant people with balance probVems, users 
of v«lking aids, and wheelchair users who stood to transfer expressed an 
uneasiness and preferred bar$ on both sides for security. 

' ■ 'We were concerned not only with the width of stalls as they accommodated 



4- f 



• 59 



the various types of transfer techniques, but also as they «)re rflated 
to other aspects of use. Table 16 shows various stall sizes and how the^r 
accomnodited the various transfer techniques, allow the user> to easily ■ 
close the stall door before transferring , and allowed use of the "stall 
without folding the wheelchair to move it out^of the way. The depth 
dimensions were established by intensive testing with a large" male (95th • ' 
percentile) using a wheelchair. Since these size constraints are greatest, 
they will accommdtlate all smaller individuals. : 

* t . ■ ■ 

In our sample, there were no quadriplegics with spinal cord injuries at 
the C-5 or C-6 levels viho transferred onto the toilet.- Many C-^'and C-6 
quadriplegics can transfer. Bars op both sides of the toilet at 18 inches 
on center with the bowl can be helpful to these people since they can ' . 
use both grab bars simultaneously tg lift themselves forward onto the^ ' 
toilet, using their shoulder strength with forearms pressed along the 
bars. The close-in bars on both sides also help to maintain balance. - 
However, most C-5 and C-6 quadriplegics are not taught this method and 
a wheelchair next to the toilet of the open side of a 48 or 60. inch wide 
stall can also serve to maintain balance. A pivoting bar can provide 
a close-in grab "bar on the open side of a wide stall When needed.- How- 
ever, most bars of this sort have unacceptable "play" in their mechanism 
and the bar can be an obstacle to those people that don't have the ■ 
stre'ngth to move it outtof the way. 

Recommendations - . ^ * . ^ • . . 

The width o/ ^ toilet sta^ll should be at least 48 inches with 30 inches 
from the bowl-centerline to wall on one side." Grab bars should be located on both 
sides between 33 tnc^es and 36 inches high on center. Although few 
subjects used grab b&rs between, the back walj anci 18 inches from the , " 
wall^,an extra 6 inches would provide a measure of safety. Likewise, 
bars that extend 54 inches frtjpi the back wall also provide a measure of * 
safety for a person who may be falling forward as they transfer off .the 
toilet. Thus, side, grab bars should start 1 foot from the rear wall and 
;be 3 feet long. A bar should also be installed along the rear wall at 
the same height as oth|r bars. The minimum depth of a 48 inch wide stall 
should be 66 inches. f)fa 60 inch wide stall is used, the back grab bar', 
should extend further into the open space next to the t(5ilet to give 
support to semi-ambulant people. In a 60 inch stal 1 , t^ side furthest 
away from the toilet does flot need a grab bar.' The 60 inch stall can 
be a minimum of 56 inches deep. Toilet paper, dispensers should be . 
located on the close wall, no more than 36 inches from, the back wall v 
and between 30 inches' and 36 inches high. Flush controls should be"' , • 
located on the wide side^of the stall. These basic recommendations for ' 
toilet stalls can be used for toile*t areas in residential- bithrooms as 
well; however, the grab bars do not need to*be installed um ess they are 
needed by a dwelling occupant. ' 

Marginal Population . ' * 

' ' / ' ' 

The 48 inch wide toilet stall will accdmmbdate/al 1 wheelchair users who ' . 

normally transfer onto toilets. Because people wh'o did not transfer 
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came froin virtually all disability levels, the Issue of transfer seems 
related to previous tralnlng or personal preference and not strictly 
related to the level of disability. Thus, many paraplegics with strong 
upper extremities, capable of transferring, choose not to utilize pub- 
lic* toilets, whereas some quadriplegics regularly transfer even though 
It Is comparatively more difficult for them. 
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Figure 7A: Use of Grab Bars at the Toilet 
^ Users ' 
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I Figure 7B; Use of Grab Bars at the Toilet - left Wall/Walking Aid Users 
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Figure 7C: Use of tvab Bars at the Toilet - Right Wall, Wheelchair 
Users 
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Figure 7D; Use of Grab hr% at the Toilet - Uft Wall, Wheelchair Users ^ 
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ii'V' ...Key: ' 1 - diagonal front transfer " 
2 - 90° transfer 

3' - conveniently closes door before transferring 
. '4 r side-by-side transfer 

■ < NA - not available 

* - fol3s chair or removes footrest 
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Bathtub 
Objectives 

- Identify location of grab bars for cdJivenlent use by all users 
■ c J^?4 ! """"^^ ?^ "^^^^ heights that accomiodate all users.* 

- Establish reach 1 Imlts froin seated position, for determining loca^On 
of soap dish, controls, etc;- ' 

f^- Determine need for seat at end of tub. * 

- petermlne space clearances required for transferring Into tub. « 

Apparatus . • 

SSl^^n^l^ l^i^Jil P^^i^s were Installed around a.rstandard 30 Inch 
by 60 Inch bathtub. Grab bar heights staT-ted at 30 Inches above the 
f oor and Increased In thNe Inch Intervals to 36 Inches. An addition- 
al horizontal grab bar was located nine Inches above the Vim of the 
frhcf.h I^'^i^^u^T the floor. All horizontal bars were continuous 
across the head. \back and foot, walls of the tub. Three vertical gfab 
b»rs were Installed:, two 2 foot long bars on the side wall, each 18 
Inches from the e^^d walls, and a f 1 oor -t6-ce1 ling bar that could be.' 
u2fJ c^S" ^ I anywhere against the front rim of the tub: 

Head, side and fooi v«lls were marked In a 6 Inch square grid pattern ^ 
•for the purpose of Wording. a r^eas of reach' (see Fig. 9A ). The^ • 
tloor In front of the tub was also marked with a 6 Inch grid to deter- v 
lylne required space clearances for transferring from a wheelchair In 
the second phase, a 4 Inch high platform Ip front of the tub simulated 
a sunken tub with an ^11 Inch high rim measured fnom the floor. 

Procedure * 

In the ^Jrst phase, subjects transl^erred Into t^\e tub. Chairs were \ 
made available for placemerit In the, tub and/or outside the tub. Also 
a board was available tp -sikraddle both chairs If desired. Locations 
of chairs placed outside t^h6 tub and locations of wheelchairs were ret 
corded Hand placements dn lateral and vertical grab bars were recorded 
as used. Measurements w^rfe recorded for highest left an>*1ght reaches 
n foot and back w»i;s fr^ a seated position. \ ' 

In the second phase, ambu 
while outside the tub and 
to the foot and side wall 



\ 



on 



\ 

hnt users reached to foot and side walls' 
tested a sunken tub. Wheelchair users reached 
s Vhlle outside the tub. 



Subjects 



\ 



People In all disability levels were tested fn-^he first phase; the 
total number of disabled subjicts was 187. In a second phlise of testing, 
six ambulant^people. four of whom had difficulty bending and kneeling ^ 
u * * ^"""^^ ba'thtb. A four Inch high platform reduced 



the height -of tl:^e rim to apprxjxiSately 11 Inches.! In addition, five 
wheelchair users \Who^<^)uld^ use tubs returned to tfe: 



vfhile outride the\|ub. 



Elst areas of reach 



7^ 
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Findings / . . • 

Thirty-three wheelchdir. users of the total 57 member wh'eelchdir sab-sdmple 
did not test th6 bathtub because they did not use a 
bathtub (as^bath or shower) in their home^ These people included quadri- 
plegics for the most part, but also included people who could, transfer 
but did not take baths as a matter of personal preference.' Aitbulant 
users who elected not to test the bathtub were often either hemiplegias 
who could not negotiate the rimof the,tub; or frail elderly persons with 
stamina or balance problertis who fearied accidentf while using the bathtub. 

While the lack of water and soap provided a more si ip-resistant surface 
than- in actaal use, ,the benefits of water bouyancy were absent. With 
dry hands, however,^ users were much more able to maintain a better grasp 
on grab bars than they would with wet hands. \ ■ 

The horizontal grab bars which were used most often were those at 36 
•inches above the floor and 9 inches from the rim.of the tub (see Fig. g^) 
Bars on all three sides of the tgb (head, side and foot walls.) were used.* 
Bars at the head and foot walls were most frequently usee! as stabilizing 
aids when negotiating the rim of the tub. Center portions of the bars 
on the sid^ v«ll were used when standing and when raising or lowering 
into the bathtub. The 36 inch high bar was used as a stabilizing aid 
while standing in the tub by both ambulant people and wheelchair users 
who could stand^^ The 9 inch bar was used to lower into'the tub or 
raise up from the tub. The lower bar was also used to pull close to the 
foot wall in order to adjust controls. , . 

I 

Hand placement along the vertical bar .was usually 24 inches to 54 inches 
above the floor, with most wheelchair users utilizing the segnent between 
24 and 48- Inches.' Most areas of foot and side wans surrounding tlie " \ * 
tub wpre reached, from a-seated" position in the tub, to a .heigift of 33 " .-V 
inches dbove. the rim of the tub. * - . - ' 

People transferred from wheelchairs in both para Tlel^and^Vontal approaches*. 
A 48 inch by 48 inch- square in front of ithe tub will aceommocate spatfaT 
needs pf people who use b(^th transfer techniques* (see-Fi5^12 *^). People-' ^ 
who could nat stand to transfer, generally ^isiumed ai trahsfsr approach 
parallel to the rim of the tub and transferred ijirectly to\tlTe''rim. A ' ■ 
seat at the rear of the tub was benef 1jgal people who .employ* this transfer 
method . ^ . ■ 

Results of the second phase of testing showefd thatj a U six ambulant pepple' 
could reach the side wall of ,ttie tub^while.outside the tut?;* They'could • 
reach a line 6 Inches above the rim alonf ^he side. wa 1-1 . Thfey couTd also 
reach the same height ,on the foot vail.,. Suj(il^en -tii^s v^re not preferred 
by ambulartt\users maintaining balanbe'. Four wheelchair users were tested «* 
in reac'hing from outside the tub/- None could reach tlje\$idfe wall icf the 
tub from outside the tub. They could, fiSweve'r^ jceac h a line 6 injhes^ -j 
above the rimyit the foot end of the tub from the front efdge to the center 
line of the tub. */ . . ; • . . ^; ' .| ' 



Recommendations ' , * . 

. • 

HorlzpntaTgrab bars should be placed on the three walls of the 
tub. Two bars, each at least 2 feet in length, should be" located 
on the side wall, starting 1 foot from the head wall. TheSe bars 
should be loca^ at 36 inches from the floor and 9 Inches above 
the rim of the tub^ Horizontal bars at the head and foot end 
of the tub, should be 12 and 24 inches long, respectively, and should 
be placed at 36 inches from the floor and be, aligned wlfch the front 
rifli of the tub. A horizontal bar would be more si Ip-resi stent than 
a. vertical bar for use when negotiating the tub rim, but the 
horizontal bar must be placed along the'vyall or it becomes an * - 
pbstacle, . " ' 

When access is pararl.lel to the tub, an unobstructed floor space 
of 30 inches wide is needed. While perpendicular access requires 
a space 48 inches wide. Controls at the fooferfd of the tub, 
within reach of users outside of the tub are preferred, as such 
a location permits, testing of water temperature and filling 'of ' 
the tub before getting in. .\ 

Marginal Population . • ♦ ' 

In nearly all the disability levels of wheelchPr user's, there . 
were some who could not transfer into the tub. > However, the 
highest concentration of those who could not transfer was that 
group who haVe three or four limbs affected and those who have 
limitations of stamina. A sirialler number of. semi -ambulatory people 
could not transfer into the bathtub.' These were p^ple who use 
v«lk1ng aids as well as a small scattering of peopl? in other dis- 
ability categories who, in.most instances, were individuals with. 
multiple disabilities. ' . « ^ - 
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Figure 10A: Use of Grab.Bars at Side Wall - Wheelchair Users Only 
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Figure IOC: Use of Grab Bars at Foot Wall - Wheelchair Users 
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.Figure 10E; u$e of Grftb Parsilt Hga.d.'Wdn - 'Wd1Mn'q>"Ald Users 
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Figure lOF: Use of Grab Bars at fo'^t Wall - Wa lking Ald'users 
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Figure 106: UsV of Vertical Grab Bar Placed at Outs<,de of Edge of 
-. 'Bathtub - All S.ubjec|s <^f . 
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Figure HA: Highest Reach Whlje- Sealed ,tn. fub^o Extrere L^.ft.ai;S1de' 
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FIgW IIB: Highest Reach White Seated in tub- to Extremfr Right of Foot- * 

• wall All Subjects - » " ' ' ■ ^ ' . •■ } 
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F^lgure iKc. '[j^Sll^st -Rea'ch While Seated In Tub to ExtreL Left of Foot. < 
• . ' . ' wail - All Subjects •* \ 
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Figure' 12: ;An Exanr^iTe Tranisfer 
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Usrer' a'Issumes a'-paralle1 ap- 
proach to. the bathtub, If a 
seat Is built at the head cftd 
"of the tub» o/ if ,a s%at a- 
brb.ss the tub is placed at the. 
hfead end, additional space be- 
h1<id the tub is necessary to 
align the wheelchair for easy 
'tIP'ansfer. ^ • . ■ ' ' ' 



Thie" vertical grab bar .lo a . 
positibh Jto ajd senrt-dmbularrt 
peop^le. would be an obstacle 
to'^is pejTSon. * ■ • 



The bathtub 'rijn serves sts 
resting pi atce during trartsfer^' 



The lower graft bar is uS^d - 
whea lowering -Ind raising * 
oneself iiito and ' f rom t-he r* 
..bathtub. ' ' . '\ ••• 
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Showers 
Objectives 



1:1 



Apparatus^ ' ;^ .",''«" 



' The bathtub;;-te.sttnd^ into 60 in^h whePl-in ^ ' 

.G^b opposite :sink:.nd Wet. ; 



'fifsh^^C*!/^-^^' pro^fded, in the shower' ' 

deW -^i. • -^'^^ '7 1/2 ineHes hfgh and 18 inches - - 

' i a?c^^^^^^^ . '^ ^ ^-h curb could ,, " . 

-. -vi. Prqcedurl - v. ' ■. • — ■ • . - 

1nt.,t^.>ower^rea ;n;?KeJ'^a^ ,„ 

'''^^ ''S1^^5ti^^''^^^K*i*^■^'^ * ^«o«<' "i*" the tonet 

-SHl^Jfe^iL^ T^'l ""d toilet were installed .. ./ . 

■ <hi i2;i'3fi5®;j'i^L'*'*' HWlW-end 36 inches, respectively frotf- 
^■••••sofflSM ■S^S'rf?*?**- 'X^** •^•"f - of the-sho«SrJp.M^Js^ot: - .* . 

^^^1- ^"^^'^^ rfimcfyed. Wheekhai? • ' 

• •.• V--::, .v; ■.■ -H •■•■.i: . V'.--. -v I .-Y ..m, n ■ lif ' ^. ■ ■ ■ • 



if.- 



:T£iGii=t1on^ g bar use and transfer performance were recorded. 



:Teriiivt))ejeTQl>a.1r users" were/tested at the wheel -in shower. Nine of these 
isubjjBt'tS wto heiTi.1^ileglGS'.'or peqple with bending, turning and stamina 
^I1m}itatte :Six of thesV people were tested in transferring into the 36 
tinC'ii shower : with and ^ the\curb in 'place. Four were paraplegics 

^aM t^lr■ee ;were hem.i.p^^ ':' ' 

Fiiidin# ' v ^ :■■ J- ■ , ^ • — ^ 



,^h^)^in $how^r; |*)e 34 ;inch wide eriliry space- w sufficient for all 
.'users-.' Wfth^ a;. toilet ad ja.icentrto:'thef w^eel-in:> shower, a distante of 42- 
' irifefte-s from the back; wall '^o thevnedge of the-bowl was necessary for 
■efey persdn to turn hn and exij^ Jout ^of ;^the ife'^^^ A sink set" 

j^i 36 ' inche'S from the back 'v«l I a-l lowed every^us^^^^ and exit 

from the shower space. Most subjects could turn ar (Hind in these spaces ■ 
needed' to enter the^. shower. The difference inoirequi red width of the . 
stall area was due V the use of -t^i^ clear sp^tfe u^ sink f.or man- 

euvering. ■ ■. ? ^ *. ^ / 

Conventional shower stal;l: Theveurb in' -the shower was, a definite" ob- 
stacle to Ml subjects. . Whiie t Hey all maiiaged; to complMe the transfer 
wi€h the curb in pike,; all expNs.ied-'a ^preference: for ^^^-s^^^ With no* 

'Cfr* jninimum-siiied exirbs.' AlV^iubjeets u sed- the grai. bars; ^^^^t eitheij the 
33 inch or 36 inch hejghtS; om eit^ec tlie seat 'w<li' wall of 

th^^' shower space. "■'y- "-v . ^ ^-.y-l - ■'. ■ ■ 

■ " ' -.v . 'i-'^'-' ' ■■' ■ ■ ' 

...When: t^ was removed, four subjects a PJirbachejI. Jhe Shower 'perpen- 

. dicular to the front of ^he stall, penetra^fni^part^ 
space with" their /wheelchairs^ With i the curb in;plaG€;;v>at^ ;:subjects; . 

. eipproached the sta.ll e^'ither paral lel.>tir diagip^ 

t'h^. curb;. The wall at th^ back :of the-'seatyprevente paral- 

lel;approaches,fronf aligning the froni-'edgeviof , thetr wheel c;hdVtb '^eats 

with. the. front. edge. Of theishower seat- '^Genecal Ty^^^^^^ Mi:.by:v3.p;.. inch space 

in front of the-, stai 1 ; paral 1 el' to, the front v|^.ge<was ;$uf|fic,|ent. clearance 

in front df. -the '.stall ^■•■'i- . ^-/f.^-a / 
■ ■ "v.; ..^v-.v-'/- 

Recomfhendatigns ... • • -..'v .. ■^'>,\vv' Vvlfx. W:-.' " ■ 

If-ah :L-turn -is required to enter. i ^Whe^l^Tn^shower'v^^^ . 

is prbvid,#d adjajfent to* the shower,. V:f^; Whefl a toi let |s5so; located, 

the clear^ space recniired is |r(f inches wtde'l)y;4;2 :Jnthes:::^P . /i^^ti^re^^ . 

knee*space is provjided, such- as iunder a lavatory, 1/het;cTea^^ 

quired',/ uiirtgii L^t^urh approach,' i-S: CO Inchei wide .by;^6 1iP)ches,^de.eP; 1- 

Shower: seats, should be of adequate depth (ele^r seat 

fifteen "inche,^) and ■$ haul d extend over fshower . thrp^hGld vdi^fbsyf they •; 

are present.^. There li;.^^ great 'need f.or new de&igns |i>r ^^'^tdeiitja^^ 

ishowers vfUh, areas of cbnce'rn being mainly: !) • preventibrir'Qf ^w^^^^ 

.stoillage j5thW/:^han';M^ of felirbs, 2) desigfi Of Sfi^its and 3) desf^iri^of 

._^rans|er alsists...' .;, / , r ' _ . 



nilnM^ "plL^Mmf??'"''?.^ V"^^^^ ""^"i' °f university of 

-circling the shower and, as we found, a grab bar behind the seat r;,n 
be useful for wheelchair users as we 1 . However, for thosi wheelchair 
bfLnp^ "''^ support of the back walls, ba;s located there ca^' 
be.dangerous and uncomfortable. Moreover, they prevent a seat fr^ 



Maralnal Population 



S?ff^^ ^.^^^P^^"'*^ ^^""^^ °^ ^^^'^ affected limbs would have a more 
tllTJ^^ V""- "^''^"9 a J/)° turn into a wheel-in shower stall Thus 
thol^K'"!?^^^'" J"^ ctt^iplegics could enter a stall that favored 
the r better arm but could not easily turn around or back out Lheei 
chair users w th limitations of stamina would alsolve a d fficuU 
time maneuvering wheelchairs in tighter spacej. ai^^icuit 
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Table 17: Space iRequi red for Siwlleit Shower/No CUri ■■ t 



Shower Adjacent !to Toi'Tet 



Shower Adjacent to Sink 



Fi;xtuoe 
Location 



•rr -o 

ns. . 3 

■M p 



■ 3' 

o 



3 



to 



c 

UJ 



3 

o 



ft) 

CO 



Fi xture 
Location 



34' in entry 



7 .6. .6 

:4 



36 irt toi let edge 3 . 4 

•• ' •• ■ to--. , ... -^^jf . ::- 

Back shower wall ^ Id' 10 10 



S.u'ccessf uT 

Unsuccessful 

Total 



7 7 T 
3 3 3 



30 in from sink edge 
• to 
10. 10 la E^ack shower wall 



34-' in enti7 



42 i n toi ltet edge 
■ .to / ■ "■ . 
-Back showfer wall ' 4 



3 4 
1 0 

4 4 



Successful 

Uns.i|ccessful 

Total 



2^ 



36 *in from sink edge^ 
to 

3* Back shower wall 
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Objective'. 1 . ♦ • 

■ 7~' ^ ' ■ . ' ■ ■• ■ f 

- Test the feasibility of using-minimum size bathroom layouts for 
accessible bathrooms. / ' jr uu:> lur . . 

-«••■■• • . 

• 7\pparatus * . • . ' 

Using equipment constructed for the toilet stail and^ shower •experiments 
two minimum sized bathroom layouts were arranged. All walls were ' 
wooden partitions; 6'ither fixed in place or able to slide along the 

?"?oi;^°iI**i*-^ '[!"^ ^^^* ^^^^^ closet, lavatory and a 2 1/2 

la iyA J^^i:*^^^^^!'-!" shower^rranged so that all plumbing lines could 
be served by tlje same stacks. -(^ith the entry located opposite the water 
closet and avatory. JJ^e second layout had the shower stall oppo^te ' 
the y«ter closet a.nd laVatory with the entry on a side wall. Entries 

. If ttn?r!i-^?"f.^f'^Ki^^?'.S l«y°"ts were variations 

fha lnutl I (2 foot bathrooms. Grab bars were, provided at 

the toilet Along the full length ofUhe adjacent wall. 



Procedure * * 

Subjects demonstrated the use of all fixture^ in tha bathrooms. 'including 
transferring onto.the toilet seat»and a seat in the shower. Each bath- 
room.was tested vith a wheel - in , shower stall and a sho«;;er stall with 
a seat. ,Also. transfers were tested with and without a 4 inch high curb 
in pjace at the shower stall. » ' ^ 

Subjects • . • . ' 



Six subjects vyere tested. They were selected from the group of Deop.le" 
wjo could tra|^f# ihi one testing In the tcilet stall, but who 

often had man|pverir|f*oblem^. Bathrooms satisfactory for this group 
of people ,wQ^ild al's^'W satisfactory for a,ll other subjects tested -in 
phas^ one. Including those who^ could not transfer. 

Findings ' • . 

Both bathroom^ were fully. usable when testfed with wheel-in showers (no 
curb) There was '^ufficienjt maneuvering room at all fixtures. The 
•layout with the shower opposite the toilet and lavatory was less-con- 
venient lecause th^ was not enough space to- turn around- subjects had 
to back 4ut. 'If curMs were inst^led«.at the shower.' subjects needed a 
Clearance space at the rear gnd of the shower to transfer onto the 
shower seat. They had to use a parallel transfer. method because th^' 
curb Precluded a W Dr diagonal af>proac|i. This means that in th^lay- 
outs tested with curbs. Subjects, had to, keep part of their wheelcliair 
projecting throigh^he door>^ay transfer. In such a situation, the 
door toujl^.npt be clpsvd. A.1S0. curb? in showers mi'de it difficult to . 
moyfe.whflfei chairs out of the^wdy ^ifter transferring to the toilet for 
ijta in transfer position?. ; '/ 
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Recommeudations' 

. , , • ■ ■ ^ 

.Minimuin size bathroom layouts are accessible if they provide sufficient 
clfearances-*or.use of fixtures. Jn the standard 5 foot by 7 l'/2 foot 
bathroom, the entry should be on the long/wall as shown in Fig. 15A. 
If sl)owers with curbs are used, then a space clearance of 12 inches 
beyond the wall of the shower at' which the seat is located shall be pro- 
vide^l. . 

Marginal Population ' , ■ ' ' * » . 

People who cannot transfer in a 90° approach or diagonal approach to a 
toilet canrtot use typical minimal bathrooms unless 30 inch clearances 
are available^^ the, side of toilets. Bi^t, we encountered no one in ' . 
our sample who could not use one of these two transfer methods if they 
could transfer at' al 1 , although for iome. the parallel transfer method 
is more cofivenient.. 
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Figure 16A: Maneuvering in Bathrooms/1 




If a seat is used in the shower 
with, a high curb, there has to be 
clearance behind the shower to .. . 
allow the door to be closed. > 




If there is no curb, or a low curb, 
a wheelchair can be pulled fnto, 
the shower space to transfer. 





With no se^t or curb and a 60 inch 
shower, v^ie^l chairs cJin be turned 
around in the shower space, adding 
much convenience/ in use. With a 
folding seat, both the advantages 
of not having to use a wheelchair 
in the shower plus having the 
maneuvering space are obtained. 
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Figure 16B: Maneuvering in BathroonB/2 



With a high curb, in the shower, after transferring onto the 
toi let, there o's no place to move the. whee^l chair: ' " 



•Curb 






No .Curb 
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^ Kitchen Work Centers (and Lavatory) v 

Objectives } 

■,■•«• . ■ ' .• 

- Determine comfortable heights of kitchen w6rk surfaces and bathroom " 
lavatories. 

- Determine maximum and comfortable heightsVor shelves mounted above • 
' wprk counters. ' . 

^ - Determine minimum heights for base cabinets and electrical outlets. . 
Evaluate the feasibility of faucet controls located in standard loca- 
tions at the rear of ^ sinks. ^ ' 

. ^ ' . " ' •• , ' • 

Apparatus « '/ • 

Similar testing stations were constructed for the kitchen sink, m*ix* 
cejit.er, range and bathroom lavatory. All of these testing stBtions had 
adjustable counter and shelf height? and could be used with or without 
an'opening under the counter^ Sinks were set into count** tops. 
Counter heights were adjustable from 24 to 36 inch&s, measured from 
the floor to the top of the counter. An above counter shelf was adjust- 
able from-40 to 70 inches/ The upper shelf, where included, was con- 
structed so that there would always be at least 15 inches clear distance 
between the counter top and underside ef- the sheff . The mi^ center had 
a feature that allowed us to test-reach to the furthest cov^ner inside a 
corner cupbdJird and the lowest reach below the counter (see Fig. 17). 
Counter tops were 1 1/2 inches thick \an^ had supporting aprons 3 1/2 
inches -deep Hinder the counter top surfaces. 

Procedures ' 

Testing' procedures at each unit included two "fitting trials" for com- 
fortable counter heights with aa opening 'under the counter and reaching 
trials for maximum and comfortable heights of shelves above counters. 
Trials were conducted using simulated tasks common to each unit. At ' 
the mix center, s\jbj6cts mixed ingredients in a bowT and simulated 
rolling dough with;a rolling pi,n. At the -.sink, subjects reached to - 
controls, scrubbed a pot with a brush arid transferred the pot to- the 
dishdrain. At the cooktop, $ubjects stirred contents in a pan on a 
front burner. At the lavatory, subjects reach'ed to controls and simu- 
lated washin?f their faices. 

In the first 'of each fitting trial, coun^ tops were "set at the maxi- 
mum height and lowered while subjects repeated the simulated tasks until 
the subject indicated a comfSr^^ble height had been reached. In the 
second trial, t>ie counter wa's^set at, the minimum height and raised to a 
CGHifortable height. • 

s . ■ . ' 

At the mix center, users repeated the procedures with a closed counter 
front, reached to low shelves andVeached laterally as well . Reaching 
trials to the shelves a(i>ve counters utilized a 2 pound cylindrical 
^cannister that could be grasped easi»ly with one hand. When readhing 
above cqunters, shelf heights ^ere fir'^t adjusted^to the maximum height 



^ • 

reached by d| outstretched hand, measured to the thumb-forefinger joint. 
• The shelf wal tKen adjusted* until the subject could reach and pick up 

the cannister when pVaced at the front edge. Finally, the shelf was . 

adjusted to a comfortable height for removing the cannister from the rear 
' of the^ shelf . Reaching trials to shelves below counters utilized a 
.similar procedure. - ^ , 

■ ■■ . * ■ ■ i ■ . ■ ' 

In the second phase of testing, the mix'cerfter station was altered so 
that there was no front apron and the total depth of the counter assembly 
vas only 1.5 inches. Twenty-five people in .wheelchairs who had previ- 
ously; expres$ed comfortable counter top levels at heights as close as 
possible to the height of standard wheelchair arms, returned to repeat 
the procedure at the mix center. As in the first phase, comfortable 
working heights- were found in two fitting trials. In addition, the 
counter top was set at 31 1/2 inches which provided 30 inches of knee 
clearance and enough clearance for standaif*d wheelchair armrests. The 
counter top ves adjusted further, if necessary, until a comfortable 
heiciht vas found. Once the user expressed*preferejice for a particular 
height, the distance from the person's midrift to the counter edge was 
measured. Because standard wheelchair armrests-may have restricted 
counter movement to lower, more Ccmfprtable heights, the counter was ^ 
tested once more with wheelchair armrests removed. Only subjects with 
^wheelchairs having removable armrests could be tested under this conditic^nr 
-thu?, the sample size was reduced to seventeen. " \j 

tw9 lavatory heights were tested in the second phase (32 and 34 inch), 
measured from the floor to the rim. At each height, the distance was 
measured from counter edge to the nearest, portion .pf the Subject's bocly. 
After bothAeights were tested, subjects expressed their- preference for one, 

t'- • ' . • 

Subjects ' . . , ' ■ 

■ * 

Between 150 and 160 subjects tested each of the four adjustabl.e counter, " 
^ work centers during the first phase of testing. The number of subjects ' 
at each work center varied somewhat because only cases without missing 
data vyere counted. Some subjects never completed" testing during the 
first phase. There were 62 wheelchair users in the sample. Of these 62 
subjects, twelve were paraplegics, eight were hemiplegics and thirteen 
had restrictions in use of three or four limbs.. Sixteen had varying 
limitations of stamina. ^ Nine had difficulty bending. and turning and 
four had exceptional, reaching and maneuvering abilities. The ambulant 
and ■semi>-ambulant ^subjects included peopTe with incoordination and manip- 
ulation difficulties, lifting and reaching difficultfes, reliance on 
walking aids, difficulty bending and kneeling, difficulty sitting or \ 
getti^ng up from a chair, difficulty using stairs, inclines oY walkingllong 
distances and difficulty walking on rough surfaces. These 81 people 
plus eleven able-bodied people brought the total number of possible test 
subjuBCts to ,154. > 

During the second phasd of testing* 25 wheelchair users returned to test 
the. mtx center. These people had expressed preferred counter top levels 
at or near wheelchair armrest heights. For the lafator^ 27 people ^ 



returned who had' larger than a 3 inch difference between comfortabTev 
open ^nd comfortable closed front trials. This'group included 23 
wheelchair users. . .' 

Findings ' ' ^ ' • 

As shown in'.Table 18, comfortable counter heights for all work 
centers for wheelchair us,e>'s ranged from 26 to 36 inches. Subjects 
expressed preferences ft)r open-front counters; the comfortable c>osed- 

' front counters were usually less usable than the open-front counters". 
Because most people in wheelchairs assumed an approach parallel to the 
'front of the counter in the closed-front position, their reach was-lim'- 

^ ited in virtually all directions. Table- 21 illustrated the dramatic 
increase in the number of users who could reach to the rear of upper 
shelves/ih the open-front mix center un'it% With the 15 inch clearance 
between counter and 'over-counter shelf , few people (29 percent) could 
^comfortably reach to the rear of the- shelf. In_other word§y, a Tow 
counter height of; 25 inches to the w(jrl< surf aqe meant that tV-lowest 
limit of the upper she>f was 39 inches, which was still tob\)igh for 
most' people to comfortably reach to the rear. Diagonal reacHv to the 
rear corner of shelves in a corner was virtually impossible 'fV wheel- " 
€hair users . . ■ ■ ^ w A 

■ " . ■■ - V • ■ ■ . \ ■ • 

y\- comparison of data for comfortabl e counter top heights at the. Various 
work stations show^ that a comfortable level is often a functionW the 
task. At the kritchen sink station, a larger proportion of users pre- 
ferred higher placenent^ than in the mix center , 'because this brought ' 
the sink bottom, which is the actual work surface, to a comfortable 
level. Many users* .preferred the cooktop at lower heights, enaWind them 
to see into, a pan placed on the rear burner. . , ^ \ 

Comfortable counter heights for wheelchair -users wQre of^ten. close to\ 
lap levels or below the height of wheelchair armrests, for those V 
people who did not have desk arms or removable arms on their wheel- \ 
chairs. thi>s meant that .their bodies were often positioned 8 or more 
inches away from the front edge of the .counter. In the second phase 
of testing, the removal of the 3.1/2 inch supporting apron, did not 
alter this relationship; in fact, it allowed fifteen of .the i;wenty- * 
five wheelchair users to have the counter tops lowered even closer to 
their lap. In the first phase, many ambulatory and semi -ambulatory 
subjects- also preferred counters lower than the standard 36 inch height. 

There were wide differences between the twoji'tting trials for comfort- 
able counter heights. However, these differences were consistently 
related "to the starting position of the trial. The high starting 
position resulted in higher comfortable levels. This is most likel.y 
due to the short experience with each height' provided by the testing 
situation. The two fitting trials must t)e~viewed as bracketing tlie 
comfort range for an individual. Extensive work with each subject would 
probably naprpw that raiige further for. indtviduals ConsiderHng- the 
data. in. aggregate,- a conservative approach to recommendations, would 



utilize the, rd1s5^4;o-comfortdble level tria^ to 'deterniine the- lower' range 
.of Comfort arTd-.the.1ower-tQ;.cdmfortable' trja'l^to'determlh . > 

,,r*anoe:r It is;also;.c];ear thafsonte wh^elchaTir users, prefer, •the'TTjnTftdr" 

^unacfi below aJrmrest Jevel and others- 'above- t1iat level *' ' 

'■j-' ' ■■.*' ■■ ' . ■ ' ■ ' . ii' / * ■ ■ ■ 

I Many of 'the v(|ieelchatr users afld a\f^w' of the auibuTeitory arnl sem4-'*^ • ' 
ambulatory subjects could not- i^eachv loafer than 1,5 inches above t?^ floor' 
. to pic.k up»<he .carfnister when located a^l tHe>ac)c Of a shelf below a ' 
•counter. All (^f the s.ubjects gjDuld reac'fi to at ledst'9 inches at th6r 
vfrpnt of theOow shelf. Over 80 percent of t.he subjects testing the two 
layatt)ry 'hfeigh'ts. preferred the 32 inch\ height* • * ' • 

■ .' • ^ :r'- ^\ ■ 

Reqiommendati(5n$ . ■>.' '\i ! • . 

R'efidential kitf hen counter tops should b^ adjustable to prov.ide optimum 
woil^king heights for tfitferent'tasks and diffeV-fint users. A>ange of. 
•adjustability from 28 to 36 inches for a 1 1/2 inch thiqk work surface 
will^ provide ccmfoctablt height alternatives as well W leg c^l^arance for 
most pimple. Another acceptable^approach' to adjustabil ity could be to 
provide thr.ee alternativeXhefghts for:. 1) standing work (36 inches),- 2> 
si,tt1ng work«%itb,thet workXsurface clos^ to lap level (28 inches^f and 3) 
.sitting,, work with the work/surface high enough for wheelchair arms to 
.fit underneath (32 inche-§0. Pub.l icly-used faqil ities,. such a,s lav^atories', 
Ihpuld- be fixed at a compromise heiglit of ,32 inches,^ measured to the rim. 
Shelves above kitchen counters should be positioned so that at l^ast 
one ,ih^]f of all cabinets above thg counter is no more than 48 inches ' 
above the floor. - Shelves below kitchen counters should have, at' least 
(yi^ shelf no lower than 15 jnches above the floor. 

■ ■ . . ■ ■ ' ■ . . ■ *v ■ 

Marginal Population ' ^ ' .'' ■ ' ' . 

Wheelchair users^ who could not reach the* front of the upper shelf 'set at 
48 inches ^had poor stamtna and 'difficulty bending and timing! A few ~ 
wheel chatr 'u sirs with one or both legs affected were unable to -reach itie 
back part of the shelf / But most of those subjects who could not complete 
this task were in the group$ having three or four limbs affected, those . 
with limitations of stamina and those who have difficulty binding and 
turning. 



T«'>le 18: tomfprtable Couhtertop Heights (wfth »pyon) for Wheelchair ujers^ (percentages 1n ' 
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Table 19: Cointor*table roiintertop' 



(percentages in parentheses] 




.(wj th a(3ron) for Ngn-:Whee1chatr Users^. 
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Table Comfortable Counter top. Heights for Able-Bodied CoijitroT Sample (perceVitages. 
.* In parenthes^is) 
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Table 21: Furthest Reach to Shelf Above. Counter for Wheelchair Users, 
percentages in parentheses) , . ;.s • . . Tiy^ 
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Table ^2; Fun5test Reach to Shelf AboVe Cou n ter for Non^Wh«e1chajr 
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'^^^'^^ 24: Comparison, of Distances to Body at Comfortable Countertop Heights^fjor Use W ith 
and?W1thout Whee.lchair Arm Rests in PJace (percentages in Parfentheses^) 
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Table 25: Reach Above Floor, to the Rear of Low She lves 
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Table 26: Preferred Lavatory Heights 
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^ Ffgiire 17: Appardl;us for Testing Kitchen Counter^ Work Centers and Lavatory 
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Figure 18; Mix tenter Testing Procedure s 




Perpendicglar Approach, ■ Closed Front, / 

Open Front ' Parallel Approach 

■ ~ — ^ — ; — ^ J . • ' * ' — 




Conforta^le Reach Above Maximum Reach Above . Maximum Reach in Sim- 
Counter at Front of Shelf Counter at Rear of Shelf ulated Corner Condition 



Oven 

Objectives • ; . jiV. ' 

* Identify the optimal positions arid^do^r/typ^s To»f use of ovens by 

people with disabil it^ies. ' f^v' 
- Eyalyate thetusefulness of clear access space next to and in front- ... 

of the oven for people who use |/heelchairs. ^ 

- . ^ 

Apparatus " \ . 

A simulated oven could be set up in-ei§ht different conf igWations of 
height, door type and access space under a side counter, as shown in 
Fig. 19. A 6 inch grid was marked on the floor to determine space 
clearances necessary for seated users.' Individuals simulated cooking in 
and cleaning ovens. In the first phase of testing, cooking in th'e dven 
was simulated by transferring a light cake pan from a counter top to « 
an oven rack and reversing the procedure for removing the pan. A ' 
light pan was used in the first phase because we were interested in 
individuals' abilities to use various oven configurations^ not their ' 
abilities to lift weights. Cleaning the oven was simulated by, reaching 
behind a line located 6 inches from the back of ,the .oven on the bottom 
surface of the compartment. Success in all these tasks with one oven ~ 
configuration con^stituted a successful trial. A pull-out board was ^ 
available for use** in transferring the pan in and out of the ovens wltia 
side-hung doors. A chair was available for use if ambulant or semi-* 
ambulant subjects preferred to sit down while using an oven. 

Procedure 

The oven configurations were assigned levels of dtfficu-lty. Subjects 
tested the most difficult first. The first oV en tested was similar to 
most conventional floor model ranges— below counter level, drop-down 
door and no open accesstarea at the side. The second oven tested was 
again below counter level with no' access at the side; but the door 
could be side-hinged on either side. Successful performances in all 
tasks in either the first or second oven configurations precluded further 
testing of additional oven types., ■ ^ 

.If the subjects were unsuccessful in all tasks in both ovens, they were 
tested with a group of four ovens, and their preference was solicited 
among those at which all tasks were successfully perfqrmed. The four 
configurations in» this ^roup were: conventional below counter oven 
with drop-down door and access at one stde, below counter oven with side- 
opening door and side access, an'"above cqutj^ter oven with a drop-down 
door and nor side access and an above counter oven with^a side-opening 
door with no.access at- the side;* ' ■ - ' ; 

If. after testing with the first siji ovens, the subject still was not • 
able to successfully perform all tasks, he or -she then was tested with 
the. last two^vens. Preferences were solicited if they were successful 
with both. ,,T+ie last two oyen configurations were both above counter 



modelsr one with^ 6r(^p-dow\ door and access at the sid^, the othlr with 
a s1de-tfpening door and access at the side: ' 

Aftec jhe subjec-t had perfonrf^d all tasks successfully at » particular 

m/en oi expressed their prel^rence 'for dne.out of a group, that oven - 

'Sft'f \ The^ position of a whe^Vchair, or if the subject was 

wprp^l%1rhn5^ * recorded. All ovens, either above or below counter, 

^ort.Mp" ^!fnh? ? '°![:^^' adjusted to the individual 's "com- ' 

fortablfiV height for the cooktop work center. 

.During- the secohd phase of testing, ^ group of five people, all of whom 
nw^n ''^^^ conventional, below counter, drop-down door 

oven with no side access, r<eturned to test three oven configurations^' 
?amina''?r^ f tH-n ^H^Jects used the heaviest weight they could manage 
1^1 L-Ih^v, ^2 ^ PPunds. The three ovens-the conventional floor 

with side access-^one^with a drop-down door and one %ith a side-opening 

door were tieated with a hair dryer to simulate the inherent hazards of 
using an oven . . . ^ 

Subjects , , 

^^^^''^J P^'^ of testing, ,^37 subjects were tested from all dis- 
ability categories except those people with incoordination and diffi- . 

^il o K^T^S^ "J^"^ ^^"^f ' and- ,d1fficulty wa1 king long' distances. Eleven 
nrl!n^ ' ^° ^^'^^^-^ ^^"^^^9 second phase, trie test 

group five people consisted ^of four wheelchair users and bi^ejeml- 
ambulant person All the people In the second phase group were active home- 
makers who regularly used their hpme oven5. 

Fjndlngs ' v . " 

Ihe data for the first round of testing are' presented in Table 27. 
f nn!f J • ^^"^f ""^^ ""^^^ to transfer pans to apfl fnom the conven- ' . 
il2n Llif'' "»del oven. However, it was apparent that the above counter ' 
oven configurations. were clearly easier to clean. The side opening door 
was easier for cleaning than the drop-down door. Open access next to 
the oven improved cleanabi-lity still further. For wheelchair users, the 
u.^'J ""u^f.* side-hinged door with open access at the side- v^s most 
usab e (cboking and cleaning). The drop^down door pr£sehted an obstacle ' 
t6. cleaning the rearmost parts of the oven for .some wheelchair users, 
Mc!IIc I ' P'^ov^^ed. Although 67 percent of the. wheelchair 

users could cook and clean without the open space (side-htngea door). ^6 
percent could eook and clean with it. ; 

"The drop-down door served as a convenient restirw place ipor trans- 
ferring pans Antp and from the oven. TherefT)re, a pul lout board imnedi- " 
ately below^n above counter oven with a side-hinged door would be 
desirable. No one in the sample used the board provided, perhaps bie- 
cause of its unfamiliarlty, but they agreed, it would b.e helpful whert 
the board was/triade, known to them. 



In the secQjid phase of testijigi the Subjects tested 'the. three> oven 
configuratiohs. While all people.could use^ the conventional beVpw 
.counter oven with the drop-down door and no side access with tH^f^lt^ht.-- 
weight pan, orlly two could use it with weighted pans. The crucial fa'd^ 
tors when using the weighted, pans are the ability to get close to'the 
oven and the ability to transfer the pan^witH a fninimum gj" lifting and 
reaching, (laterally Extending the arms). ' Thus, the above counter ovens 
with side access remained the most usable o^ens with virtually all 
people being (ible to use them with weighted pans. . - < 

Recomnendations tN* 

Counter top oVjCns with an accessible space below. an adjacent coutiter 
should be reqjired in housing for disabled people. Ovens not meeting 
these requirements would be minimally acceptable if they were self- 
cleaning. Such ovens could be used easily by most people ^to cook light 
weight dishes. ' , 

Marginal, Population . .. 

i, % • • 

.. ■ » ■ 

Few people would have difficulty using a self -cleaning oven installed 
below a coi/nter, as long as only l ight vie ight dishe.s were cooked. 
People with reaching or lifting pr6blein&^;-e..g. , quadriplegics of hemi- 
plegics, those with difficulty, bendii^r/would in to coo|«; . 

heavy dishes in such an oven. Ovens at counter height, with side 
access provided, would be usable:i)y almost all people., eVen'if they were 
not self -Gleaning.. ^. • 
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Table 28; Qyen Use with Weighted Pan , • 

mi^. • Phase 1 Phase 2 , \ 

f"" Qven UsabilHy with Oven >erf ormahc ' 

Wheelchair Sani -Ambulant - Light Weight Pan^ Oyeri No. 1 Oven 
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Figure 19: Oven'' Applications' 
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Kitchen Layouts - ' 

\ ' ' ■> • ■ ' .. . • 

Ob/ect1ves • - T 

» . # 

- Assess the feasibility of using minimum clearances from HUD's Minimum 
Propei^ty Standards in accessible kitfhens. 

- Determine the most suitable layouts for accessible kitchens, . . . 

A Apparatus . ' . 

' ■ ■ ■ • . ■ ■ 

Kitchen work centers were constructed with counter frontages as required 
by the US Department of Housing and Urban Development's Minimum Property 
Standards. Frontages based on a' one bedroom apartment were used. Shelves 
wer6 provided above the sink and the mix center work station. The 
work center units were designed ars independent, movable units- so that they 
could- be combined in any desired order or layout. AlVcounter and 
shelf heights were adjustable. The area under\coun^ters could be filled 
in with low partitions, left open or provided with a movable low shelf • 
^ unit. • » 

Procedure • 

— — ' ' — ■ •'' * \ 

Four kitchen Uyouts were tested: 1) U-shape. 2) L-shape. 3) in-li>ie arid 
I 4) corridor^^^^inks and mix centers were left open underneath; a low 
\ shelf unit ^ placed under one counter; all other under counter areas 

were closed. Layouts provided a space under or adjacent to every work 
; , center. » Space clearances between counters were 40 inches for the in-line 

and corridor kitchen and 60 inches for the U-shape' kitchen, Oven^ were 

mounted below the counters with side access and a side opening door. 

Storage shelves. were mounted at a height of 48 inches from the floor. 
' All counters were set at 31 1/2 inches to' the top surface and provided 

30 inch clearance to the underside. %A tray was provided for carrying 

materials. ^ . ' 

; Each subject completed a standardized sequence of ta-sks.. The :Usks sim- ' 
ulated. ,in a compressed time frame, were all activities, fn prepsPNfig a 
meal and cleaning up. The set of tasks were designed to insure that 
subjects would utilize every part of the kitchen layout. Table 2? 
gives the tasks and their sequence. As subjects completed one task, 
they were then told the «next' task un^il the complete activity sequence 
i was completed. Two observers counted the* number of bumps niade. against 
counters and appliances and the number of accidents (e.g. spilling, 
dropping) at each layout. Total time required to complete the sequence 
, at each layout was recorde(f^ The order of testing the layputs was 
varied with each subject. After testing all four , layouts, users were 
asked for their preferences regarding the 1 ayouts tested, counter heights 
and storage options. 

■ . . 

Subjects i . 

Ten female disabled subjects, including sevep wheelchair use^s Who had 
exhibited below-average abilities in.maneuvering wheelchairs during the 

, ■ ■ . I 

il2fi . / . 
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first phase of testing were tested. Kitchen clearances satisfactory for 
^;use by these subjects would also be satisfactory for. use by all other 
..-subjects. All these subjexts were active homemakers who used kitchens 

regularly and intensively. One fema.le able-bodied subject was also tested. 

Findings / . 

When using the more open arrangements, U and L -shape; subjects generally 
had less bumps or accidents, than in the other, more compact kitchens. The 
U and L-layouts were also the preferred types. Times varied considerably 
according to the individual's abilities to follow instructions and accom- 
modate themselves to each layout. Efficiency in using the kitchen lay- 
outs would undoubtedly improve with practice: 

Several problems and techniques In using kitchens were observed. One . 
hemlpl eg ic wheelchair user had difficulties maneuvering the chair while • 
transporting materials. Similar problems were encountered by obese 
users who could not use their laps to support trays, etc.* Several of 
these people used. the front edge of the counter much like a railing, pulling 
themselves al^ng. 

Since we were interested^n observing possible conflicts in movement 
between work stations, the instructions' were .jjesigned to elicit the 
greatest number of trips between work stations. Subjects indicated that, 
had it been their own routine, they woul^ have condensed and combined 
the tasks into fewer trips. 1 

Subjects favored all counters at the lame height^ rather than each work 
center set at a different height and found it easier to reach below 
counters to storage areas than/above them^ In the testing with separate 
kitchen vork centers, it was found that^ comfortable counter heights 
were different for different stations. Thus, preference for counter 
heights at the same level ^ronflicts with comfort criteria. This prefer- 
ence may be due to the convenience of sliding utensils ^llong the counter 
or^^to an aesthetic concern.. .* • 

Recommendations ' \ , ' 

HUD minimum clearances are usable but clearances in accessible kitchens 
Should be increased for convenience and maintainability, particularly in 
in-1 ine and corridor layouts. When making up the loss. of Storage 
cabinets due to ^required under-cpunter clearances, the use of full 
height storage ynits or under counter units (perf«ps on wheels) Is ' ' - 
preferred. The U and L-shaped layouts are preferred for accessible housing. 

Marginal Population ' I 

Those wheelchair users who have difficulties majheuvering will have 
slight problems using in-line and corridor arrangements. Those that 
art obese and have difficulty lifting would find L and U-shaped arrange- 
ments more convenient Since objects can te slid along counters. 
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Table 29: Kitfc hen Layout Activities- ' 



Ta'sl^No.. Task Description 



3 

4 
5 
6 
7 

h 



10 




. Get celery from refrigerator, take to sink and wash celery. 
Take celery to mix center. ;.: 
Go to refrigerator, takt meat and egg. to mix center. 
Get water from sink, bring back to mix center. 
Reach abov'e for bowl and other ingredients. 
Reach below for the loaf pan.- take to mix center. 
Go to stove; gel^ spkes from back, bring to mix center'. 
Take prepared meatl oaf and place in oven. - 

hIw itl^^^ above and silverware from drawer, take to 
kitche/i table a;»d set table. - . * 

Go to oven...1;ake.out.meatloaf using pot holder and brfng to 

y- , ^/-w ■ ■ ■ 

^ake two^ dishes anchsilverware to sink. 
Tal^ me«rtix)af to ref rigef^itor. 



\ 



f 



n.-. 
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•Table 30: Use of Four Kitchen Laiyouts ; 



L U-Shipe 2. L-Shape 3. Corridor 4. In-line 

t 16. -S 

, g fc fc $• 

s J J S r o 5 ^ i 8 13 3 5 3 5 2 



X 


2:4b 


0 


3:10 


2 


2:40 


1 


3:40 


1 


X 




X 4 , 


2 


X 


5:35 


4 


5:45 


2 


7:40 


15 


4:55 


13 


X 




X 1 


4 


X 


5:40 


4 


5:45 


5 


6:55 


6 


5:20 


2 


X. 




X . 4 




X 


3:50 


3 


5:46 


0 


4:20 


2 


4:10 


4 


X 


X 


1 


3 


X 


. ' 5:15 


4 


8:17 


3 


83-25 


2 


-7:00 


2 


X 




X I 


3 


X 

c 


5:25 


2 


4:42 


2 


6:30' 


5 


7:30 


n 


X 




X 1,2 


3,4 


X 


1:05 


1 


3:03*^ 


0 


3:00 


0 


3:05 


2 


X 


NP* 


NP* 2 


4 


X 


2:40 


0 


2:10 


0 


4:02 


1 


3:27 


' fl 


X 


X 


i 


3 


X 


2:48 


0 


2:27 


0 


2:14-. 


.1 


2:14 


0 


. X 


NP* 


NP* 1 


2 




8:35 
















• 








X 


0 


4:30 


0 


3:45 


0 


10:45 


0 


X 


X 


■ .4- 


1 



*No preference. 



Table 31: La^yout Testing 
Sequence 



U-Shape 1 2\ 3 4 

L-Shape .2, 3 4 1 

Corridor 3 4 1 2 

In-Llne 4 12.3 



I 

Tablt 32: Kitchen Uvout Subject Data 



DiMblllty Ltvel ^ Aae ' " Cooking 
' - 221 » . Frequency 



.C J3 - 



CSJ 












o 

-M 


o 

-M 




o 


o 


o 

-M 


O 
CSJ 


O 
CO' 


o 


o 


O 


O 



Ablt-boditd • 65 165 



/ 



i30 



V* 5 ^ rt* 

x: x: 



Transfers^ negotiates, ramps i' 60 110^ " i ^ ^ 

performs household tasks without 

help . ^ 



■M •»-> 
< < < < 

-J 



Maneuvers wheelchair well; needs 65 250 * v 

help with transfers, ramps i . * ^ 

some household tasks 

Maneuvers on level surfaces with 6K 115 » ' 

shortness of breath , ^ 

Maneuvers on level surfaces* with- 6^^ 155 ' v « 

out shortness of breath a X 

Mineuvers on level surfacifs with- 66 175 ' v 

out shortness of breath * * 

Manages shalTiow inclines without 65* 135 v 

shortness of breath * X 

-Difficulty bending to reach 63 175 » , 

loi*jr than 1 ft from floor * 

His exceptional maneuvering 65 124 v " 

abilities ^ * t X 

Uses *«T<^inB aid; unable to 64 120 ' ' v ' - 

«i«nage4Uirs i ramps without * . • 

difficihy 
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FIguriB 21: Kijtchen Layouts Tested 



CM 
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CM 



30" 



.1 



24" 



REF. 
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134' 
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Figure 22: Kitchen Layout Testing Proc'edgrfis 





Reaching at Mix Center in L-Shape Placing Pan in Be lOw- Counter Oven 
Layout . , with Side-Hinged Door 





Washing Pan at Sink 



Transferring Pan from Mix- 
Center to Refrigerator, 



^33 



r.. . 



Doprways 





ERIC 




Doorways - 
Objectives 

- Detennine the minimum convenient clear width for hinged doors. 

- Determine the minimum clearartces tequire4 in front of doors for vari- 
ous types of approaches. r ' , • . 

- Evaluate 'the impact of door closers and thresholds on the ability to 
manage hinged doors. \ ■ . . , _ j 

Apparatus • 

Two doorways with hinged, hollowlcore interior doors were cdnstructedT- 
one with a' 30 inch and the otherlwith a 32 inph clear opening. Both 
had lever shaped door openers. |olid/> moving walls werife constructed 'tha,t 
could be positioned parallel to doors and fixed, by mkns of sprirtg'- 
activated door stops, to provide any desired clearance in front of the 
doorways. A 6 inch grid was markied on the floor for measuring the cl^ar- 
ancef between wall and xloor frame land the space used by subjects beyond * 
the latch side of a door. In a skond pha^e of testing, three door ' 
closers were installed in the 32 Snch clear door. The closers were ad- 
justed to 5 Ibf. for opening. M : 

■ ■ • i • • . " ■ 

Procedure • ; * " , ' . 

— ' — ~~ ■ ■ v: ■ /■ ■ ■ ■ . . ■■ •■• 

A subject tested doors using his least favored hand in^jthree opening 
flZ^'fvl P^"^^"!- 1) direct forward, 2) from the latch side- and 3) ^ ^ J 
^ 5'!!^^ u'.^^* ^^"'^ hin^e side. approach. pattern;'the . . 

1 '^•I'S'u^f ^^'^^"^ ^ ^^"9ed on the leftside,, approachW 
the door with their worse side (left) neaVest the dooiT The. lubject 
had to reach across their body with their. right hanc/in t)rder- to open the 
cnh^^^ "'5 their non-favored hand. All doors opened outward.toward tW ' 
suDjec^ and into the corridor., ^ . ^ ' , 

■ ' ' ' ■ ■■■■ . v--'^^' ■ ' ^<--^ ■■■■ 

Several trials of each approach pattern were run to.d'eiennine miriimal - 
nIhL corridor width possible for. each persbh.. In the approaches 

other than direct forward, the corridor" width was initially s^t at 5 v 
teet. J^he movable corridor wall was then adjusted within 6 inche^s of the 

^^"9® approach; two observer^ were used--drie to 
check corridor width and one to checlj the sfJade needed at the latch side. 

Only wheelchair users participated in the trials' us ing/dbor closers. . 
All closers were attached to the door with the 32 inch clear opening and 
Subjects passed through using only the direct forward approach pattern. 

j|In a final round of testing, wheel c Hair users tested the 32 inch clear 
opening door width when fitted with a 3/8 inch square edge threshold. - 
AJ I three approach patterns were tested." „ . « 



. Subjects - i 



In phase one, wheelchair users, wajiking aid users, walking aid'us^s with 
low stamina,, and, able-bodied people were tested. A total of 78 sut&ects 
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1 




w1tt> disabilities were tested^ including 54 wheelchair' Users. Four 
'wheelchair users With e)^c?^t1onal' abilities wer-e also tested but data ■ 
•is not reported herev ^* / * . * < 

• ■• *■ ■ ■ ' ■ ■ ■ ^ • ' : V- ^- ■ ' 
During the secortd pha^e of testing, eleven Wheelchair^, users returned ' ' 
to tes* the«door claseirs. -Most'of these people.lwd either difficulty 
. maneuver i'ng and/or s^mina problems.. Six of these people returned to 
;^?t 'the dc>oiQutf It ted .with a threshold. > \- * . 

Findlnqm ^, \ • ^ ' • 

Only f oi*r, of ^hie 54 .wheelchair users, in' the first phase, could not ' . ' - 
manage' the doprwy with the 310 incih^clear width, us.ing a direct fi^ont . 
approach. Thes?^6ar individuals were, not able td use the* ,32 inch * 
Clear -width 4®or either. Three of these people were quadriplegiqs . 
and afie came?to ,t^e testing site with a malfuq^ctioning, one-^rfti drive— 
wheelchair, tji the two other^fJpr caches, latch'sidp and hfnge -side, • • 
the same foUr Individuals were the only subjects who coQld- not use the ' 
•30 inch clear width .^J^^i^^^ . \ i 

iSSte 33" shows ,the clear>a>fces needed ,at 'the Tatch side of the^door with 
the direct forward approach-. .Manytof the subj€fcts*iiho needed over 24 
inches at the latch side, had either difificulty^maneuvering .thrlr f 
Wheelchairs or difficulty Jean-ing forward'and had to. assume a position 
alrnost 'paralleKto*^ th^^oor wall. Jable 33 shdWs that a 12- inch clearr 
ance at the, latch side wa,s unsatisfactory to over half of^th»^st 
sample, while a 24 inch clearance at the latch side was satisfactory" to 
approkiraately 80 pei^ent of the tes^t sample. .' 

The data for the latch side .approagh, shdwn in Table 34 show« that 63 •» 
portent oi the^^est sample .coulti^ne^oXiate the 30 inch doorway with a corridor 
><1dtK less than 42 inched. Increasing the corridor width to 48 Inches would 
accommodate 87 percent of the sample. Generally, subjects who needtf'd wider 
corridor widths also needed wider-spaces at, the la'tch side. . 
heelchair users who- were' hemiplegic^, quadraplegics or had lim'it-a- 
i.ons of. stamina needed larg^^r xorridGr widths and latch side clearances 
than others to" manage, the doorwe^ys.. ^ . ' 

'Coming from the hinge side, approximately two-thirds*Qf the subjects 
(65 percent)' needed mor#than 24 inches cleara'nce at the latch side. 
An add'itlG"nal „12 /inches at the latch side> or 36 inches total clearance, 
accoimiodated 78 percent -of the subjects. - -VI »tua>Ty a 11 subjects would 
be 'accommodated with r.48" inch- clearance at theHatcVi side. A 60 inch 
wide corr;^lor<w6uld ;,accommodate 9.2"percenj: of the subjects. A -6 inch 
reduction in width to §4 Inches would reduce .the number of Subjects 
ai>'le to negojtiate'lhe maneuver to 66" percent of the* total wheelchair 

^sairilple. All vwlkingr aid users were^able.to, complete, the task with a ^\ ' 

cqrridor w^dth of 48" 'inchfes or less and an T8 inch wide space at the 

ktch side of the'doQ^i ■ . ' • , , 

In the second phase ©Resting, two- thirds of the subjects could nego- . 
tlate'jthe, three second , sprang closer -time as shown 'iti Table 36. Those' * 



'5>.irH.l»"K-»,'i.'i-- 



people who could not manage the door with the spring type closer all 

• fhf t!c^! one tester who satisfactorily completed 

• IL^ 1-^^ the closer; setNat 11 seconds. All users coild use the 
* hS?1zmal ba^r ^''^^^P^^^S ^o^s; a majority preferred the 

Inl^l Jh^!!hJ?rf tte three approach patterns were tested 

with threshold in place. All six subjects needed at least as much 
* space as nefeded in their former trials iithou„t the thre ho Id. In fhe- 

- tncrLVeS'^^n ?h'PT'^%'K^' ^'^'^ ^^^^ "^^^^ ca^es was not 
rvfl!!^ c*4 u pther apQ|oaches.^ the clearandes generally in^ 

Th^ nrLMfo^^' J? '^i^'' ^"^/o^ the cor^ridor width. 

• lu a> fn rln/^°51'^! ^"'^ "^^ ^^'^ subjects approaches the thresh 
?n rLnl^JS^^' their movement was impeded abrubtly. The subjects had 
:the threshold ^" a right angle to 

Reconyiehdations ^ ' 

nl^rh!"f" ^"^l^'-ont and at the latch sides of doors should bfe based ' 
, on the approach pattern and direction of door swing. ' Where doors 

swing out into the direction of travel, toward the user. Wider conri'- 
dors and larger spaces at the -latch sid^should be provided as 
In n!!'K*'.i ^ '^^''^^i ^^"^^"^ approach-24, inches at the latch side, 
- inrl^ f ""^"^SJ^/^^"* °^ the. door; 2) latch side apprqach-48 
inch corrrdor width (latch side clearance not applicaWO; and S) 
i iidth ^P^°^^^^--*2 inche? at the latch side, 60 tnch corridor . 

- UJfh%h?r^'If-^"^ aTA narrower corriclprs can be used. 
An!r3 l ? condition, space requirements can be based oo L-turns. 
SfS^S^^^/*;^^*^^ '^^^ and latch side each require a corrido^ * 
width of 42 inches and no space at the latch side (for further infor- 
mation, see Wheelchair Maneuvering). With the direct forward approach. 
Jl clearance at th^e latch side is preferred with a space 60 
inches deep in front of th« door. ,^ ' k c uu 

notVecixnmended at interior doorfwiys.^ EvenJn exterior 

cSL k' J ^^i^i°"^n f^"^^ * ^"c^^ height and the ed 

jhoffld be, beveled. Doob closers are not recommendjed in interior' 1 
i, tions but an assist such as the .horizontal bar. is desirable. 

» ■ 

Marginal Populati on \ - 

. . . ^ ' ■ . I 

The wheelchair users who.re^ilred more than the recommended c^orrldor 
widths or latch side clearances to pass through a 32 tnch dror opening 
were mainly those people with three, or four limbs af fectedlLne side of 
their btxly affected and those who have difficulty bending' aS turning 
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Table* 33: Clearance Required for Direct 
Forward Approach (percentages 
in parentneses) 



Equal to or 
Gr«ater than 



7 

13 
19 
25 
31 
37 
43 
49 



But less 




than 




6 In 


16 


12 - ■ 


7 


18 


9 


24 


6 






30 > 




36 


4 



a42 

48 



No performance/ 
Hissing data, 

TQtal 



1 
0 



54 



m 

(13) 
(17) 

(11) 
(11) 

(7) 

U) 



• ft 



/ No» of Successful 
Clearance at Ijtch Side Subjects 



(100) 



1 , • V 



Table 34j Clearance Required for Latch ^ 
Side' Approach (percentages in 
parentneses) "'^ 



Corridor Width 



No. of Successful 
Subjects V 



Equal to or 
greater than 


But less 
than 








36 In . 


12 


'(23) 


36. 


42 


21 


" (40) 


42 ' 


48 . 


13 


(24) • 


48 


54 


4 


(6) 


54 * 

60 


60 


3 " 


(5) 




0 




No performance/ 
Missing data 


± 


J2.) - ■ 


Total ^ 




54 


(100) 




r- 

f 

J • . ■ 



13'» 



Table 35: Clearances Required in Hinge Side Approach 
(percentages in parentheses) 



Corridor Width 



Equal to or But less 
Greater than than 



V 



36 
42 
48 
54 
60 



36 
42 
48 
54 
6b 



No performance/ 
Missing d^ta 



No. of Succe'ssful 
Subjects ^ 



Total 



7 
8 
15 
14 

r 

0 



54 



(11) 
(12) 
(15) 
(28) 
(26) 



(8) 



(100) 



Clearance at 
La-tch Side 



-Equal to or But less 
Greater than than . 



7 

1.3 
19 
25 
31 
37 
43 
48 



6 

12 

18 

24 

30 

36 

42 

48 



^ No performance/ 
^Missing data 



No. of Successful 
Subjects 



9 
2 
3 
4 
5 
18 
5 
2 
1 

15 
64 



V 



(17) 
(4)^ 
(6) 
(8) 
^9) 
(34) 
(9) . 
(4) 
(2): 

^Ji) 

(100) 
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Table 36: Use of Three Door Closing Dev?ices 



A. Spring Loaded Closer 



B. Manual Closers 



Vertica.l Handle 

3 Sec. 5 Sec. 11 Sec. on Hinged Side 



Horizontal Handle 
Across Door Width 



Number of Subjects 
'Successful 
Unsuccessful 



. 11 (100%) 4 (100%J 
7 (64%) ,0 ^ 
4 (36%) 4 (100%) 



4 (100%) 11 (100%) 
1 (25%f ' .11 (100%) 
3 (75%) 0 



11 (100%) 

11 (iboj) 

0 



Preferences: 



spring loaded closer - 8 subjects 
manual closer - 3 subjects 
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Elevator • 
fejectives ' . 

- Determine the minimum size elevator' required for wheelchair users.- 

- Determine the best location and height limits for control' panels. 

- Determine the timing of elevator doors Jihd car arrival lights. 

Apparatus ; ' 

A simulated elevator car with center -opening doors was constructed with, 
an adjustable depth and two alternative widths on one side. A 36 inch 
clear entry width was provided a,t the door. 'Grids with markings of 2 
inch squares were applied on one front wall of the door and on one side 
wall of the car to simulate control panels. A line^of the floor marked 
the minimum width of the car. A distance of 18 fee^ (maximum distance 
to a call button) was plotted in a straight line starting at the center- 
line of the entry and parallel %q the. front wall of the car. r A light 
mounted aboye the entry was used to signal the arrival of the elevator. 
The movable walls and extra large width dimension allowed us to test 
two cab sizes: 4 feet, 3 inches by 5 fGet,*8 inches and 4 feet,, 9 
inches by 6 feet, 8 inches. 

Procedure * > » 

Subjects were positioned behind the line designating the call button. 
At the signal of the light, the subject traveled to the elevator and 
entered the car. Their elapsed time f^m the 'signal to the first 
penetration of the door plane was recorded (a ^oor reopening device 
would hold the door opea) . > With the movable walls adjusted to the 
smaller cab size, subjects entered the car and maneuvered to a position 
for reaching the control panels. The subjects were given two^chanqes 
to maneuver without hitting the walls or crossing the narrow width 
line (5 feet, 8 inches). If the subject was unsuccessful , the rear 
wall was moved back to the larger car depth'and the subject tried once 
more. This time the, subject was allowed to cross the narrow »width lijie. 
If the subject v«s still unsuccessful the wall was moved all the way 
back and the necessary car depth was recorded. * 

Once positioned In front of the control panels, the subjects reached to 
the higheVt squares to the left and right of each panel. If the sub-, 
ject had entered the cab frontwards, he or she repeated the entire 
procedure but this time, entered the car backwards. ^ 

Subjects * . 

Wheelchair clserSj people with walking aids, and people with balance' 
problems, as well as able-bodied pe9ple tested the elevator. The' 55 
wheelchair users represented -all disability levels, including four 
with exceptionally good abilities. ' j 

' . . ... • f 



>44 



* findings 



All the subjects were able to us6 a 4 foot, 3 inch, by 5 foot, 8 Inch car 
size (common smallest size for 2,000 pound capacity elevator). Table 37 
shows the number of subjects who traveled at various speeds. Approxi- 
mately 40 percent of" both the wheelchair user group and the walking aid 
user group required more than 12 seconds to travel the distance of 18 • 
feet (1 .5 ft/s). . • > 

Table 38 shows the areas reached by all subjects on the front and side 
control panel locations. At the front panel, nine people could npt reach 
to ^4 inches on at least one side of the panel , six of these were wheel- 
chair users. At the left side of the front panel, five (three wheelchair 
users) of these people reached to at least 48 in and four(three wheelchair users) 
reached below 48 inches. At the right side of the front panel, three of these 
people (two wheelchair users) reached to at least 48 inches, while six 
(4. wheelchair users) could not reach to 48 inches. 

At the side panel, eleven people could not reach to 54 Inches on at 
le^st one side. At the l^eft side of this panels three (two wheelchair 
users) reached to at least 48 inches, but eight (five wheelchair users) 
could not reach to 48 inches. At the right side of the panel, four sub- 
jects (three in wheelchairs) reached to at least 48 inches and seven 

(four wheelchair users) below 48 inches. 
* ■ 

Recjomm^ndations » ' 

" fvator car sizes should be a minimum size of 4 feet, 3 inches by 5 feet, 
Inches to allow wheelchair uSers to maneuver and function when inside 
car.. Doors should fiave minimum clear openings of 32 inches. Auto- 
;ic r'eopening devices should not require direct contact with the 
fevator user and should be located to be activated by wheelc*»air users* ~ 
lotrests. Control panels should have highest buttons 48 inches from . 
•cm the floor (this may be impossible where such placement of long 
inels would put the lowest buttons below the comfortable reach of ambu-- 
fant users). Control panels should be mounted on the front wall adjacent 
:o the entry. Where the- possibil ity ff transporting stretcher-bound 
Jijsers exists, elevators and entry configurati-ons should be larger. 
i ' ■ . •■■ 

f . ■■ ■ . -. . ■ 

Marginal Population ^■ 

People with rates of travel less than 1.5 fWs were primarily people with 
limitations of stamina and j^Jee 1 chair users wllh three or.four limbs affected. 
People wtjo had difficulty reaching to 54 in were wheelchair users. with three 
or four Umbs affected or ambulant disabled people with chronic conditions' 
producing limitations of reach. -Many of these people however, could use 
aids such as pointers, extenders, etc. to activate call and floor buttons- 
located beyohd their ranges of motion. . - 
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Table 37: Time to Enter Elevator (percentages in parentheses) 



Time to ^ Rate of No. of Wheelchair No. of Walking* 

Enter Cab (in seconds) Speed , Users Aid User^ 



Equal to or But less 



Four of these people jwrd exceptional abil ities. 



Greater than 


than 














6 


at least 3 ft/ sec 


2 


^ (.4)., : 


. 0 




7 


12 


at least 1.5 ft/sec 


32 


' (59) 


10^ 


(72) 


13 


18 


at least 1 ft/sec • 


11 


*(20) 


1 


(7) 


19 


24 

f 


at least .75 ft/sec 


3 


(5) 


1 


(7) 


25 


30 


at least ,6 ft/sefcs^ 


3 


(5) 


2 


\(14) 


31 / 


36 c ', 

♦ 


at least .5 ft/sec 


1 


,(2) 


0 




37 




•less than .5 ft/sec 


2 


(4) 


*o • 




M issuing data 






1_ 




0_ 




• Total 




. ■ x 


55 


(100) 


M 


(J 00)1 
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Table 38: Reachir^ to Elevator Control Panel (in inches) 



Front Panel 



Maximum^Height Reached Side Panel 



Left 



Right 



\ 



19 


49 


68 . 


19 


49 


^; 


2 


3 

If 


5 


l\ 


• ' 2 


3 


J_ 


_3 


_4 


_2 




J. 


22 


55 


77^ 


22 


'55 


77^ 



Equal to or But less Left 
Greater than than 




54 
48 



Total 



18 
1 

22^' 



■48 
2 
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55 



6^ 
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^ F igure'' 25: Plan of. El evd.tor Apparatus 
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Public Telephones' ■/./• : 

^bjeqlives „ . " ^ . ■ ' ?' ' ' 

' ■■^> ■ , " • vv-v." • //:'-■ '•■^i-v^v... - 

- Va^Tldate a prevlouV study thiil:;:^^^ 

. phone coin s]Ats.q^:54;/inches^^ ■ ■ -'v - , 

> Evaluate t^ie: .f^ibit^^^ 
. ■•; use.,wh'elTchd:1r*s. 'v- ^ . .•>:..■•• ..\ .\y\.;'^' 

v- • ■ >^ -e;.^- y'--.-''V^. ■■ ' ■ ■ ■ ■■• i^^. > ^-^V' 



Iff' 



. v^:^!\*hf 5^^^^ telephone was mouhted on . 

■.V^'*'W?.l;i;l^ the telephone to be moved up and down 

• . ./ .^^^^^^ around^ the telephone wa 5, /fr^e* of obstacles. In 

.^.the-^Se^ .P^^e,„a telephone booth manufactured by AT&T, was tested. 
" h^d a tleac^openin^ of '30Mnches; -no deors and « coin telephone 

' -^ ^he right rear ^corner, facing dtagiorially across the booth."'. 

-^• ^^^^^^^^^^^^^^^^ of t^he .telephone was fi)$ed at 54 inches. Lines were *• 

;/ : :| .\;r wje^ at a 48 .mh' he^g.ht on -the tel ephone and at 14 inches and 48 ^ 

on the. ^id« wajl s Of the booth. '. ^ ^ 

■ • Pr'odedur e: " ■ .' " . - ■ " . . ■ 

. ^vv". ^iJ t^r^t phase the height of the'coin slot ,was-.5et at .54 inches f^om'. 

. ^ XM flo()r. Subjects' approached the telephone in artyway they desired. 
^:y-s./- They reached for. the. coin sTot and, .jf necessary, the telephone was • 

•. : \ ...'Towered ulTtfl they could reach* the^ coin slot.comfcrrtabli! In the second 

- •pnaS!l, subj4et4^att;empted to insert a dime Jnto fhe coirf slot an^ also 
' re«^he<i*, .to, the markings on'the telephpne and booth sfdes. ' ' 

.'.■^Mt^Ject^;:; •■; ■ \ ^ „ ■ , - ' • 

/ Iff t»>a Jirst Phase; of the ll8"^subje.cts.^ 61 -were wheelchair users . 18- ^ 
-5^- J 28,were people with ban dUrtg, grasping and: 

> '^«cft1"^'?i^^^culti0s,.and 11 were a&le-bodied peoM Tn. the second 
.,;y., . Pb9;$e,r.alUsubjects, were wheelchairwusers who^had difficulty reaching- 
■ , , Pfvbendin^ or fvarf /low stamina <8 dn all). . * ^y ^«auNna_ 



V; v-^^ V ,thr.& first testing , phase, only five people could not reach-the coin 
V V V-' ^^^^ '54 Inches;- those five, people could nof reach the * 

"^^^ -^^^^ cofnfort.atly at 48 indhes either... Many wheel?h«ir- users - ^ 
■ ■ ■ ■ .i'^^y-i^^ ^ side a.pproach which "Would not be^pp^sible in the' standard 
tel^^hon^^enclftSMre. In the second phase, a standard tefleDhd'ne en- 



^ ff^ci^wre ««s obtained:' :f ive pedple who had not reached, tf^' coin slot ' 
' • ::^5Pt^''tabJy at 54 Inches :returned to test"^tJie telfiphcne mounted 'in the ^ ^ ' 
-> •-■-••V^^:>?*^?sur^^ Ln addnion; three other wheelchair Users'were tested. Two of ' > 
•y.;.v,..p could nof in^erf the coin at the 54 inch height' -d 

^fi Xy':: :?-^ ]!}^^ eith,er'ha"nd, i/sing .eitlier' the frontal TapR.roa'Ch or 4)jick-tn approach - * 

>:> •>:•> -One of the; could>r'each to th^ 54 inch, heioht but vas tinable to insert 
• v. the co,in,*1thout a" special l/rmade holding 'devioje which'^he' ^ad" not ' i 

brought to the Ubpratory, The/ottier subject .could not reach above 48 ' 



'J 



I 



i • '0 



^ , ■ ■ • - 
•■■0 



Inches, exceptiat the right side of the booth where she could reach to 
54 inches, I h order for her to be close enough to "use the 54 inch slot, 
it was necessai^y for^her to travel oyer a 1/4. inch high metal plati^ that ♦ 
served as a temporary structural, support, for the telephone enclosure, 
(The metaVplate would not be present ink permanent .installation. ) This 
"ihdividfltl came to the laboratory in a rented chair that was difficult 
for her to operate. The five other wheelchair users could use the 54 
inch slot with the telephone mounted diagonally in the corner. 

•■ i • 

Informal observations indicated that heavy outer clothing may signifi- . 
cantlv limit reaching abilities for people with limited movement of * 
arms/ Thus, the 54 inch height may be difficult to reach in winter 
wher^' outdoor instal latiohs\ are found in cold weather climates. 

Recommendations 

The height of 54 inches to the coin slot wal validated as an acceptable 
mounting height'for public telephones. A mounting location and space- 
clearances that allow a side approach are preferred. Telephone enclos- 
uresi: with diagonally-mounted telephones- are acceptable if clearances 
allow e'ntry' of. a. wheelchair . " 

Marginal Population ' .-. . j ^ 

Some wheelchair users with difficulty reaching will find telephones with 
coin slqts located at 54 inches diffici|lt but not usually impossible to 
Ose^ A few people who also have difficult^ maintaining balance while 
refaching forward may find the diagonal ly-fliounted telephone in an enclosure 
wit-h the coin slot at 54 inches impossible to use. 
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Table. 39: Telephone 


ificlosure Findtnos bv Subiect 
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of Subject 


Right, 
Hand'' 
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1^ 1 wild nvAiiu 


Right 

Hand 
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Left 

no iiu 


Back-In 
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Hand 
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Hand Either Hind 


Right 
Hand 
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Table 40: 



Sunmary of FincHngs for Public Tel^fvone Enclosures 



J ^ Phone Location and Slot Height (Maximum Oper'able Coin Height) ; 



Right Cdrner . Right Side 



Left Corner 



Left Side 



Users .Approach pin. 54 in. NP 48 in. ;54 in. NP 48 in. 54 In; NP 48 in. 54 in. - NP 

1 '2 6 0 2 6 0 1 ^ 7 . 0 / . 

7 



Forward: at vy 

least one hand 1 6 

Back: at least ' 

one hand .1 .4 



Total 



3 1 
8 



0 1 
8 



2 ■ 1 
8 



0 
8 
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Mailbox ' - \ 

Objective . - • ^ 

- Evaluate the usability of standard US ''Postal .SerN^ce ma il boxes • - 

Appairatus f ' . 

A standard US Postal Service mailbox was installed in our lal)oratory. , 
An 11 inch letter and a package 9 inches .by 12 inches and weighing 1 
pound were. pre pared for use in the experiment. 

PrxSdure i - . 

Users demonstrated mailing the letter and the package. Spatial require- 
ments and problems were recorded noting the space required for use in 
front of or at the side of a standard, floor mounted postal service mail- 
box. • ■ 

Subjects ^. ' 

People with handling, grasping and reaching difficulties' as well as 
people using wheelchairs or walking aids and able-bodied people were 
included in the test sample. A total of 104 disabled subjects were 
tested. \ ' . . / ^ 

Bindin gs i '' ' 

Wheelchair users and people with handling and fingering difficulties had 
problems holding the door open whil€ lifting the package with one hand 
(see Table 41). 

Recommendations ■ , 
Dispensers and receptacles should allow operation with only one hand. 
Margina> Population » - . 

Severely disabled quadra pi egics and people with severe difficulty \in 

manipulation of fingers may have problems Using -receptacles and dis- 
pensers requiring one-hand operation. These people, plus hemiplegics 
and. people with moderate manipulation difficulties may not be able to* 
use dispensers or receptacles reqjuiring two-hand operation. 

^ . " \ * \ 



Table 41 : Mailbox Use 



* 


"""" — 1. ' ' 

Uses Space in 
Front of Box 


Uses Space at 
Side of Box 


Unable to 
Mail Letter 


Unable to 
Mail Packa9ei 


Total 


Wheelchair Usqrs^ 
Ambulant Users^ 


53 
NA 


3 
NA 

V 


.4 

1 

\ 


4 

0 


'56 

> 

38 





DoeMot include wheelchair users with. exceptionally good abilities. 
'aSnifc^es"^'"'* .ble-bodled ambulant and walking aid users with exceptionally good 
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Cotnparison with Previous Resear ch . > 

♦ 

The findings In this research study can be gompared to the findings of 
several other human factors research - studlesj focusing on accessl- 
blTlty and usability of the environment by people with, disabilities. 

Kv Anthropometrics 

. Floyd, et al. studied anthropometrics of paraplegtcs; they found that 
comfortable vertical side reach In their sample ranged from 59 to 68" 
inches. Our findings were a range from less than 36 Inches to almost 
72 inches (only two people less than 48 Inches) for a similar task" 
Floyd,' et al . also found that foi=ward vertical reach ranged from 42 to 
66 inches. McCallough and Farnham studied reach of wheelchair users to 
the back of upper shelves in a task similar to the reaching task oun 
subjects completed at. the mix center testing station. Their findings, 
for shelves over an open counter, were a range of 43 to 56 Inches. They 
did not report how heavy the weights used in their reaching task were. 
Our findings ranged from 44 to 68 inches (only one person above 60 Inches 
with a 2 pound weight). Our findings and those of Floyd,. et al. are ' 
different at both extremes/ Thi/S is probably due to the differences in 
selection of samples and procediires. About 30 percent of Floyd, et aVs. 
sample were ath.letes. All of t^heir subjects were paraplegics who had 
spinal cord Injuries and who h^d had oi^, were undergoing rehabilitation 
training. O^r sample included many wheelchair users with reaching limi- 
tations (i.e. with loss of arm functioD arid little or no rehabilitation 
training. However, it also included alfpletes who were very agile. 
The'findings on vertical forward reach from all three studies were very 
close except for the upper range for the McCtil lough and Famham results. 
Their sample was all female, which would explain that difference. 

2. • Wheelchair Maneuvering , ^ 

Several researchers have studieii turrfing a wheelchair within confined 
spaces. Recommendations from those studtiss find our pwn are shown in 
Table 42 and Table 43. The differences l^t f1«41ngs for the.*180 degree 
-turn can be explained by the variety of methods used by the different 
researchers" and how recommendations were abstracted from data. ' 
Brattgard had his subjects make two 90 degree turns in an open space. 
Backing and pivoting were allowed. Such- a turn requires less space than 
a smooth U-turn. Iloreover, lack of surrounding partitions reduces the 
need for tolerances and allowances for judgment. McCul lough and Famham 
utilized movable partitions; they did not report the type of turn used. 
Their findings in Table 42 are for the largest dimensions required by a 
inember of their sample rather than minimum re'commendations. The largest 
>pace required by a mefii^)er of our sample was larger than the McCul lough 
findings, but our recorm^ndations were derived by eliminating several in- 
dividuals who could do/aNK-type turn within the space that most other * 
people coul(t do the U-ium. The larger space requirements found by 
Walter, who used fixed' parti tipns as we did can be attributed to": 1) 
the fact that his sample Included electric and assistant-propelled chairs, 
wh*lch had much greater space requirements than those people in his sample 
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using manual chairs Independently (new el,ectr1c chairs can make this 

ijaneuver/ In less space than people asing manual chairs); and''2) the 

fact th^t he analyzed depth and.w+dth of turning area Independently, • ' 

which dpes not consider the relationship of length to depth of space. 

Nedrebo's methods are not reported. 

■/ ' ■ ■ ■ ' ' ^ > ' 

The recommendations for L-turns are more consistent. With the main dif- - 
ferertce being our finding that both arms of the L can be the same,- If 
the Starting arm Is suff1c1e>itly large. In our study, we never used a 
starting arm that was narrower than 3& Inches (91 cm). It appears that . ' - 

WaUer and Brattgard reduced the Starring arm to a much smaller width. 
Ne^rebo's methods are not reported. Thus, the various findings taken 
to/gether, suggest .that with a w1der<^tart1ng arm (36 inches is needed 
f6r passage In a straight corridor by crutch users) the end arm Can be 
reduced In width. • . 

3. Counter Heights f ] " ^ 

^ ■ ■ ^ 

McCullough and Famham tested preferred counter heights of wheelchair " 
useps. Although they only used one trial for comfortable height, they . • • 

also found that wheelchair users often preferred counter fielghts as \ 
close to lap level a% possible and often below arm rpst height. They \ 
found, as we did, that preferred sink heights were higher than mix ^ 
center heights. Their range of findings -was similar to ours. ' 

4. Doorway Maneuver ing - ' , 

• ' ^- • ' . ■ - '• 

Several researchers have studied maneuvering through doorways by wheel- 
chair users. Their recommendation^, together with ourown, are presented • 
In Table 44. Brattgard* s research on door maneuvering utilized people 
with reduced arm function but the sample s'ize was only ^1x, and four out 
of the six used wheelchairs with the large propelling wheels in the 
froat. Thos^ two that had rear propelling wheels, as did all the sub- 
jedts In our research,' required consistently larger spaces. The fact 
;that four out of the six subjects had the' advantage of the front pro- 
pelling wheels would account for Brattgard 's smaller recotrmendatlons. . ^ 
^rattga'rd reports that Own^rth ' s sample used only one#person who pro- , 
pel led their chair manJsTty with no assistance (Brattgard, 1974). The 
performance of electric wheelchair users and attendant-assisted pushers 
Iri Walter's study was'betterUhan that of people propelling themselves t 
at doorways; unlike' bis findings for the 180 degree turn experiments,- ^ 
Wajter's findings are t|u1te different than ours for the direct frqntal * # 
apf^oach. Walter placed screens at both sides of the door perpendicular 
to ^he wall. He does not report how those screens were moved during the " 
testing procedures. We did not use screens In this approach and thus, 
subjects were able to use mare space close to the door at the latch side. • 
Waltfer reports datd for only 31 of the total sample of 40 Independent 
wheelchair users; perhaps .many subjedts could not negotiate with the 
screesns In place. Our findings show that over half\f our sample of 
wheftlthalr users used more than the latch side space reconmended by • 
Walter. . Our findings on this approach are close to those of Nedrebo, . > 
as reported by Brattgard. . 
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or doorw&ys^ opening out while approaching from the latch side, our 
'recommendations are 4 cm smaller than Walter's. This difference ^an ' 
be attributed to the fact that Walter determined his reconinendatibh 
thr*ough an arbitrary statistical procedure. Actually, oh ly three of 
his $.ubjeets required more, than 47'lnches-of corridor width in. this 
maneuver. We had a number of people (11 percent of the^'wheelchai r users) 
who required more space than 48 Inches, however, we judged that 48 
inches was a reasonable minimum. For burning into doorways that open 
out, away from the user, iJalter gives recommendations for corridotf 
width 10 cm more than ours. We did not test this maneuver b-ut tiased iK 
^ -on our L-turn data. Walter aggregates data on one graph for four man- \ 
euvers" from {?oth the left and right, for both latch side and hinge 
side approach. , For all of these approaches,, only 8 out of 137 or 5 
percent of ^he trials, required a greater space than our recommended 
mirromums' and, since the data are aggregated, there is no way to tell 
whic\of those'jS trials were for the individual maneuvers. It should 
be no\ed that the clerfr doorway width used in the various studies was 
.different. The clear doorway width is inversely related to corridor 
jfleararice as shown by our research on L- turns. 

5. Ramps 

Walter's findings .for ramps are similar to ours. Both studies found a^ 
1:16 slope for 20 feet to be accessible to at least 95 percent of the 
wheelchail- users. Elmer (1957) found that a 1:8 ramp slope was maximum 
for wheelchair users. However, his sample was taken from wheelchair 
users at a pioneering rehabilitation-education center and the findings 
probably reflect the h^tgh standard of excellence in rehabilitation 
• training that th^ subjects . received as part of their program. Both 
Walter's and our sample included large proportions of older people and 
many with reduced arm function and low stamina. The Elmer sample was 
much younger in age. N 

. • • . 

6. Public Telephones ■ 

• • . 

The American Telephone and Telegraph Company, in a study on the height 
of cotn telephones found that, 54. inched to the coin slot was usable by 
all but a -few wheelchair users. Our findings are consisJ;ent with those' 
results. . ' 

Further Research Needs 

This research, as well as the other studies above, was limited to the 
study of behavior in simulated rather than actual buildings. The simi- 
larity of activities performed in the laboratory and the. closeness to 
which laboratory conditions matched actual conditions allows a great de- 
gree of general izabilUy to actual buildings. However, there are con- 
ditions in the "real wVldr that cannot be' adequately simulated in the 
laboratory. First, individual performance will vary considerably due to 
changes in health status and morale. In the laboratory, behavior cannot 
be studied over time, day iji and day out— when people feel good and 
when they feel bad. Moreover, the design features of buildings cannot 



be sinuilated in all their variety and oomplexity. Certainly, additional 
research with small samples in existing buildings is needed to bring our 
knowledge about accessibility to a finer level of detail than that pro^ 
vided by laboratory studies. The lack of information on many topics and 
the conflicts in existing data on others led us to an approach that de- 
manded the Targes t sample possible and an extensive arra^y of tasks to 
bje studied. 'The use of simulations was the ,mo^t appropriate method. 
Further research can now build upon the established data base to stucly 
individual topi(js in more detail^,^ * 

.It should also be noted that consumer preferences were not given major 
consideration in this work. It vyas- 1 imited. for the most part, to 
outwar*dly observable behavior. "We followed this approach bec^iuse the 
intended ^use^f data was for application to minimum building standards. 
Considerable variation no doubt exists irr the acceptance of different de 
sign conditions. Some people, for example, would rather not have to 
reach up for an object at all, regardless of whether it is within their 
reach or not.. Attitudinal issues of this sort deserve a significant 
anx)unt of research attention. In particular, such work should compare 
the attitudes of disabled and able-bodied people for similar tasks. Re- 
search of this J<ind would probably demonstrate that significant incon- 
venience in access and use of the .environment is not restricted solely 
to disabled people. - " i 

The scope of this work did not allow us, to give attention to environ- 
ments for young children. There is no Empirical daia presently avail- 
able on their needs. ^ Further research should give attention to those 
specific parts of the environment where children's small stature, low - 
strength ar|d iimature judgment require differences in design criteria. 

Finally, the research reported here did ifot give in-depth attention to 
the flesign of products found in buildings. We used building products 
that, through professional judgment, were considered the optimal ^ - 
availaljle (e.g. lever-handled door' openers, single-lever faucets)/ Re- 
search is already underway by others .that will provide empirically- 
based information about product des'ign. 




Table 42: Space Reguirements^for Making an 180° ' ^ 
: . >^ v Tuiy in a Whej&tjCfiair (ln centi meters 1 ,> 




I Y 



'Researcher 


X 


Y 


, VJalter 


■■■ 180 


• ' 

•■ v., 
-215 • 


Brdttgard^ 


150 


150. 


Nedrebo'' 


150 


150 

• 4 


• McCullough^ 


162 


193 " 


Stelnfeld 


153 


"200 



•Allowed two 90'' tur^s, 
'Source: Brattgard, 1*974 
""Not reported as a'mltilmuiti. 



Table 




^ Space Re>flu'ireinents for .Making a Right-. 
Angle Turn (in centimeters! 



Rteseartfher 




- Walter' 
^ Brattgerrd 
Nedrebo* 
'r Stelnfeld 



*RepQ»ted by Br^ttgVd* 1974 



109 84 

100 80 

100 • 90- 

91 9K 
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Table 44: Space Requirements for Maneuvering l)hee1chairs in Frent 
of Doorways 4in centimeters) ] 



rf 5f- 

A. 



r 



Resqarchpr 



Clear Opening 



Walter 

Brattgard 

Ownsworth' 

c 

Niedrebo* 
Stelnfeld 



126 

100 

100 

135^ 

122 



80 

-?8 

77.5 

76.1 

76 



Or 



B. 



C. 



Researcher 



Y » Clear Opening 



Brattgard 120. TlO . 78 
Stelnfeld 153 107 76 







. Researche^^ 


.X 


Clear Opening 






^ . Vtolter 

Brattgard 


'l20 ' 
1.00 


.90 ' 
78 ' 






Ownsworth* 


'Veo 


77.5 


X 




Pfedrebo* 
Stelnfeld 


122*^ 
•T07 


76.1 
81 




0 



Researcher 


X 


Clear Opening 


Walter 


120 


80 


Brattgard 


• TOO 


*78 


Ownsworth* 


100 • 


77.5 


NecJlrebo* 


' 125'' 


76.1 ^ 


Stelnfeld 


107 


81 . 



■'•6 



T 



Researcher 



* ' MBilter' 
Bratt'gard 
Nedrebo* 
Stelnfeld 



ReseaVcher 



aVc 
tga 



Brattgard 
Nedrebo* 
Stelnfeld 



33 
30 
60- 
61 



30 



Clear Opening 



80 
78 

76.1 
76 . 



Clear Opening 



78 , 
76.1 
got Tested 



Source: Brattgard, 1974 
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